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LLOYD’S REGISTER STAFF ASSOCIATION. 


OPENING MEETING. 


The Opening Meeting of the Session was held in the Board Room 
of the London Office on Thursday, 21st October, 1926. 


The President, Dr. B. C. Laws, occupied the Chair, and was accompanied on the 
platform by Mr. G. M. Shaw. 


President’s Address. 
GENTLEMEN, 


We have to discuss this evening a very important paper. 
D> 


It is always a pleasure for this Association to see members from the Outports who bring forward 
papers for discussion at these meetings, and to-night we welcome Mr. Shaw who has come from Glasgow 
to speak to us on the subject of Timber—its growth, development and uses. 


The paper takes our minds back to the old days of shipbuilding when there was little steel, and ships 
for the most part were constructed of wood, and just as it forms a link between early and present-day 
construction, so will it, at the very commencement of this session, link up the successful sessions that are 
past with the future deliberations of this Association. 


It is a good omen, in that the paper is analytical, and if it stimulates our efforts to look even more 
closely than we have done in the past into the many problems which confront us, the Author will 1 am 
sure be well rewarded for his effort. 


Before calling on Mr, Shaw to read his paper I would like to take this opportunity to explain the 
belated circulation of the syllabus for this session. This has been due to the fact that we have had quite 
a number of proposals to read papers from members here and at the outports, and it has been a little 
difficult to fit in the authors and the dates. The syllabus is now being printed and will be issued in a day 
or two. 


_ We have arranged for quite a diversity of subjects and I hope and believe that the papers, and the 
discussions which will follow their reading, will prove of no less value than those which have been 
considered in previous sessions. 


We have included in the programme a lecture on a subject, viz.: ‘‘The behaviour of Metals under 
Repeated Stresses”, which I think must lie close to the hearts of all those who have the development of 
shipbuilding and the interests of the Society in mind, and I look forward myself with much interest to the 
delivery of this lecture by Professor Lea, a well-known authority on the subject of steel. 


In these days the theme of our thoughts and ideas professionally may be said to relate principally to 
steel, than which no material has had more attention lavished upon it. 


It seems everlastingly under the scrutiny of the analyst and designer. 


No sooner do we arrive at a stage of development that seems to meet the demands than other factors 
present themselves and compel a further search into the question of manufacture and design. 


The most potent factor perhaps is that of economy. This has special application in certain types of 
structure, and in ships more particularly, where due to the great size which has now been reached on 
account of the demand for carrying capacity and accommodation, weight has to be conserved consistent 
with the necessary strength of the structure. 


These matters compel serious thought ; it means continual recapitulation of the details of manufacture, 
: I Sole: reed , MASEL] 
of construction, and of the scientific principles underlying design. 


The influences of modern life compel us to look in various directions for improvements as difficulties 
present themselves. New problems, both theoretical and practical are continually arising, for which 
solutions have to be found and it seems to me that herein may lie a field of useful work for this Association. 


The object of these meetings is to relate, if you will, to each other simply and plainly, the accessible 
facts pertaining to the construction of ships and machinery, to exchange views on the principles of design, 
and if necessary advance new ideas. 


In this way not only do we keep ourselves abreast of current developments, but by discussion doubtful 
matters are cleared up to ow mutual benefit and I believe to the profit of the Society. 


Within our limitations we have been able to discuss during the past six sessions many subjects of 
importance. We have tried as far as possible to maintain a reasonable balance between subjects which 
might be termed theoretical or technical, and those relating to practical construction work. 


A perusal of the proceedings will indicate the nature and scope of the subjects which have already 
been dealt with. 


These however do not by any means exhaust the field of enquiry which might be attempted, or the 
experience of Surveyors engaged in survey work. 

In this Society there must be a great many latent ideas and much latent information which it would be 
beneficial to the Society were they produced either in the form of papers or in the course of discussions 
on papers read, and I can assure all Members of the Association that their views expressed in this way 
will be very much appreciated. I would like however to impress upon all the advisability of submitting 
papers early, and criticisms of papers as soon as possible after their reading, so as to facilitate the printing 
and publication of the proceedings. 


Now gentlemen, in all our work here I am glad to feel that we have the encouragement of the 
Committee who from time to time favour us with their presence and take an active part in our meetings. 
By their courtesy and munificence we are able to hold our meetings in this room and are shorn of the bulk 
of the expense which results from the publication of our proceedings. 


We appreciate very much indeed their generosity which can only tend to the good of the Association 
and to enhance the value of our endeavours. 


THE SURVEY OF WOOD SHIPS AND YACHTS, 


By G. M. SHAW. 


Reap 20TH OcToBER, 1926. 


When the materials for a steel vessel are delivered in a shipbuilding yard, it is not necessary to stop 
and consider their suitability for shipbuilding purposes, as the brand shows that this has already received 
attention. ‘Timber, however, has to be treated in an entirely different way to ‘materials tested before 
delivery,” as owing to each piece having its own structure and applicability, one has continually to rely 
on the mind’s store house of experience in deciding whether it will prove satisfactory if fitted in certain 
parts of a wood vessel. 

Wood is extensively used for decks, ceiling, sparring, etc., and is still the best material that can be 
used in the construction of light scantlinged six metre yachts as well as in the heaviest construction of 
vessels that are built to resist ice pressure, and with all the progress that has been made in marine 
engineering, and all the different forms of screw propulsion, it is still the universal bearing for tail end 
shafts. 

The careful study of timber is most important at the present time, as owing to the scarcity of good 
timber trees and the numerous artificial systems for seasoning it quickly, one has to be continually on the 
look out, not only during the survey of wood vessels but also when examining the wood to be used for decks, 
insulated holds, ete. 

If all wood were sound and properly seasoned, and each piece shrunk to the same extent and if all lasted 
the same length of time, the survey of a wood vessel would be comparatively easy, but as it is nob so, many 
things have to be considered and it is therefore necessary to study the anatomy of the healthy tree before 
diagnosing the maladies or prescribing the remedies for timber in use. 

The well known expression “dominion over palm and pine” is used metaphorically to describe the 
wide range of our Empire, and the phrase might well be applied to the mutation of tree life as brought 
about by the variation of climatic conditions in the North and South. 


PRODUCTION OF TIMBER TREES. 


In order to understand the scope of the forces involved in the production of timber, it is necessary to 
start at the earliest stages of development and consider that it has to be created, grown to maturity, the 
source of life stopped and the natural decay which must ultimately follow suspended. 

There are a number of different methods of producing and reproducing timber trees; probably the 
one that we are most familiar with is that of cutting down all the large trees and allowing the new ones 
by sprouting from what remains to form a coppice wood. Some trees, however, if grown in this way are 
liable to be infected with fungoid growth and this refers especially to the oak family. Another method is 
that of sowing the seed in a tree nursery and planting out the saplings, from October to December, on 
suitable ground, the spacing of the plants depending on the soil conditions. 

The seeds are cellular bodies which can extract oxygen from air and discharge carbonic acid and this 
enables them to grow much in the same way as animal life. Most of us at some period of our lives have 
considered how the human bones are built up from cells and how they are nourished. The cells of trees 
are the descendants of pre-existing cells coming down through the ages as do that of animals and the 
metabolism of the cells involves thousands of physical processes, and in the tree itself we find progressive 
development as in the case of animal life, 


2 


In a subsequent part of the paper, reference is made to the length of time that the spore of fungi 
can lie dormant and then procreate, and it is of interest at this stage to note that the seeds of spruce 
and other trees can be kept from four to five years if hermetically sealed, so that in a year when seeds are 
plentiful, large quantities are stored for use in lean years. : 

Disciplined visualization is a most important faculty to develop in the study of any science, and in 
the study of timber trees, it is a great help if one can visualize a sapling as a mass of interlocking cells, 
roots, trunk, branches and leaves, all co-ordinating and working day and night, with periods of unusual 
activity, and then slackening down for certain months in the year. 


SYLVICULTURE. 


There are two distinct types of trees, the simpler including all deals, firs, pines (including, of 
course, pitch pine), and yews. The deals are mostly soft, and the quality of the timber increases in 
succession as shown, the fibre of the yew tree being fairly hard. The trunk of these trees is uniform 
in texture, and there are few storage cells in them. 

If we examine a section of a pine trunk, we find in the centre the thin walled cells forming the pith 
which is enclosed by a group of tubular vessels called the medullary sheath. Surrounding the medullary 
sheath are the annual rings; these are cells that have become fibrous through external pressure, the 
cellulose in them becoming lignified and forming the wood. The fibre is separated in places by resin 
cells, and, unfortunately, in some otherwise sound trees, there is an accumulation of resin, called resin 
pockets, and when these are large they are detrimental to the timber. In a similar way, if there is a 
scarcity of resin at any part, the timber is of no use for shipbuilding purposes, as the cells fill up with 
water. 

The term “heart wood” is given to the parts described in the previous paragraph, and is a little 
misleading, but they are so called on account of their position in exogenous plants; a tree will thrive, 
however, in a satisfactory manner with all of the heart wood decayed. 

Outside the duramen, or heart wood, are the moist, elongated, and pointed cells of the cambium ; 
which in the winter are composed of delicate thin merismatic (divided into cells) tissue. These cells fill 
up in the spring with aliment; when the autumn comes, some of them are conyerted into the duramen 
referred to, and others retain the protoplasm secreted in them till the spring, when they contribute a 
share of their substance to the new leaves. Protoplasm is a transparent substance like the white of an 
egg, and forms the foundation of living matter for both plant and animal life. 

Covering all this is the cortex or bark, which, unlike the rest of the structure, is not composed of 
cells, but of a more solid matter to keep out the weather, and forms an insulating material to keep the 
wood inside at an even temperature. 

The other distinct type of tree, such as oak, differs from the simpler kind referred to principally 
owing to the formation of the cells. The woody tissue of the cambium is composed of square storage 
cells and tubes for the transmission of water, and the fibre in the annual rings, formed from them, is 
similarly shaped, and arranged in a diagonal and sinuous manner with the ends interlocking. 

When the fibre has hardened it acts as a girder to support the trunk and branches, and it has the 
power to carry out the work in a satisfactory manner owing to the sinuous coustruction referred to, which 
acts in a similar way to a lattice structure. The different rings arranged in this way make tough cylinders, 
and as they are laid concentrically over each other, the heart wood forms a very strong girder. All trees 
require earth, air, light, heat, and water, and as the conditions of these vary in different countries and 
districts, so the texture of the timber varies. Briefly, the effects of the agencies on production are as 
follow :— 

With the exception of some jungle tribes who look upon earth as their chief deity, the majority of 
people look upon it as an uninteresting, lifeless thing, but in reality it is full of life and interest, as the 
modern theories of the constitution of the atom clearly indicate. 

A clod of earth has to be considered in respect of the life it contains, the chemicals found in it, and 
the formation of the minute structure forming it, and these can only be studied in a laboratory. 

The density or looseness of the component parts of the earth has an influence on the root system of 
the tree, as has also the rainfall, and as in some parts of the world the annual rainfall is 150 inches, it is 
not to be wondered at that trees which belong to the same family vary in structure in different countries. 
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There is a great difference between chalky ground and clay, and yet a beech tree will thrive best on a 
chalky ground which is just an accumulation of shells, whereas clay, although an ideal soil, is not 
suitable for quite a number of trees, as the particles of earth are so close together that they exclude air 
and water. 

A tree feeds through its roots, which go down into the earth a few feet in search of moisture, from 
which they get oxygen and hydrogen, and also salts and minerals. When the soil is warmed by the 
heat of the sun moisture starts to ascend through the roots, which absorb the water, and this is induced 
by the acids in the root cells. The adjacent colonies of the cells absorb the water which is passed from 
one to the other, and the summation of forces is called root pressure. 

The water, which also contains particles of raw food, is raised from the ground against the force of 
gravity in the outer annual rings, which are in consequence called sap wood ; it then travels along the 
branches and twigs to the leaves. The leaves are kept tense with the water which is lost through their 
pores in the process of transpiration.* 

The capillary attraction and osmosis referred to is a mystery which has still to be revealed, so that 
the anticipation of discovery is added to the pleasure of studying this part of the subject. Some years 
ago I discussed the rising of the sap in tree life with the late Mr. John McFarlane Gray, who was at that 
time engaged working out ether pressures at different levels, and I then formed the opinion that this 
apparent transgression from the laws of gravity is not brought about by the volatility of gases in the 
ground, forcing the water upwards, but rather to an ultra-microscopic element in the fluid. In dealing 
with tree life we know that there are a number of substances involved which are ultra-microscopic, and 
yet through the sense of smell we are certain that they exist. A small piece of wood will diffuse a 
fragrance in a room for years, and yet the infinitesimally small particles of matter are being emitted all 
the time in sufficient quantities to produce an effect on the fibres of the nerves of smell, and with all the 
advancement of science in the direction of microscopic examination this is still considered to be the 
finest example of the diffusion of matter. Possibly one of the greatest things in nature is to be found in 
an Arboretum where trees brought from all over the world are now found growing from the same 
soil, and under the same climatic conditions, and yet each one is discharging into the air its own distinct 
ultra-microscopic particles of perfume. In order to produce strength in this world a source of energ 
must be found, and this energy is supplied to a tree when the sun shines on the leaves, the chlorophyll 
or green colouring matter absorbing the rays. Consequently in countries where there is plenty of sunshine 
and heat we get trees of the quality of ebony and teak. 

The thousands of cells forming the leaves are joined together by passages each having a small pore 
which opens and closes, thereby enabling the gases to enter or escape as required. 

The leaves arrange themselves in position so that each one will get the maximum amount of light, 
and if the branches are in close proximity to another tree they spread out to get the necessary light for 
the leaves. If two trees of different families are planted in close proximity to each other the tree that is 
shaded from the sun will exhibit, with an appearance of mimicry, a wonderful resemblance to the other, 
on account of the branches searching for light. Etiolation, or bleaching of the leaves, is caused by 
the privation of light. 

The leaves breathe carbon dioxide through their pores, expirating oxygen which is separated in the 
cells from the carbon which is retained, and through the same pores they lose by evaporation large 
quantities of the water taken up from the roots. The water referred to dissolves the carbon dioxide 
gas, commonly known as carbonic acid gas, and the sun’s rays build up molecules of formaldehyde 
which unite and form sugars, starches and cellulose. The amount of gas dissolved by the water varies 
with two conditions, pressure and temperature, and as cold water dissolves more gas than hot, the 
conditions bring about further variations of structure. Nitrogen, which is the most plentiful constituent 
of air, has no effect on tree life, and its use, when dissolved, is without influence. 

We all evolve some guiding principle for regulating our thoughts, and in following the study of tree 
life the old law, first stated by Hobbes, of ‘association of ideas,” or “ putting two and two together,” is a 
great help. We can in many things associate man, who is the highest form of animal life, with trees, 


those which are given throughout the paper, but I would like to draw attention to the fact that even 
when the interests are not the same t 
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It is therefore necessary to look upon a tree as not just a tree but a single cell that has multiplied 
and become an oak, ash or beech. The tissues of cellular bodies bearing these names are so affected 
by the climatic and geological factors that the character of a country is often known by the trees it 
produces. Each one of these families of superior plant life will thrive or die off if sown in different 
countries. If they do grow the structure will change as in English oak, African oak, &c. In the world 
there are an enormous variety of trees ranging from the stinging tree growing in the guano deposited by 
the birds on Christmas Island to the pines growing on the rocky hillside in northern climates, all of 
which produce wood. 

To make out long lists showing the qualities of wood and the countries which produce it is, there- 
fore, useless, as possibly the soil conditions will alter the structure of the wood so much that, although 
it has a good name, it may be useless for shipbuilding purposes, and the only satisfactory way to deal 
with the subject is to make a study of the first principles, and so be able to determine the rate of growth 
from the annual rings and the quality of the material from its structure. 

Wood shipbuilding is a commercial industry, and as a rule a ship is built of the wood that is grown 
in the district, and if it is built of imported wood you will frequently find that the first quality logs are 
reserved for cabinet-making purposes. 

It is often stated that there is less sap in a tree during the winter months than in the summer, but 
this has never been established by proof, so that the theory that timber is superior in quality if cut in the 
winter owing to the sap being out of it is assuming a condition which most probably does not exist, 
especially in wet countries. 

The winter is the best time to fell a tree, but for another reason altogether, which is only made clear 
when one experiments with the shrinkage of wood. 

When a tree is felled in the summer, the evaporation of moisture is too rapid from the cells in the 
parts ae to the sun, and as the side next to the ground is usually moist, this has a bad effect on 
the timber. 

When making enquiries about trees in the different countries of the world, one is frequently shown 
some old veteran, chained up to keep its branches together, and these trees have usually some interesting 
traditions associated with them, or else they mark the burying ground of some leading personality. In 
connection with this, when one reads of trees being 8,000 years old, it is better to leave the disposition of 
the subject to an antiquarian society. 

From a utilitarian standpoint, the only interest that we have in the age of a tree is when it arrives 
at maturity, and this takes place when the heart wood commences to deteriorate through being deprived 
of water by the outer tissues, which does not necessarily take place when the tree has grown to its full size. 

After the tree has grown to maturity it is felled, stripped of its bark, and the source of life stopped, 
and now that it is taken from nature’s care, it is an interesting study for man to reason out the problems 
of how it can be made suitable for the work which he requires of it, and prevented from disintegrating. 


EXAMINATION OF Cur TIMBER. 


The tree, having been sawn into a log, is delivered either at a sawmill (owned by a timber merchant), 
or directly to a sawmill in the shipyard. The outside of the log is then examined by chipping off 
pieces with an adze, at different places, and chipping any remaining sapwood away. All rind gall should 
be examined. This is caused by the bark of the tree having been damaged. Both the butt and top ends 
of the log should be sawn off, and the heart wood examined. In some wood it is difficult to determine 
just where the heart wood ends and the sap wood cells start; owing to the lignine being very porous the 
water flows through it. The most common fissure or crack in timber is the heart shake, which passes across 
the stem, and is at its widest at the centre; this is caused by a shrinkage of the heart wood. 

Sometimes a log opens out badly through the medullary ray (or silver grain), which is a source of 
weakness. These are called star shakes, but their appearance does not necessarily mean that the whole 
log is bad, and the defective part can usually be cut away without sacrificing the log. If the end of the 
log, however, shows a defect through the pulling apart of the annual rings, called cup or ring shakes, it is 
timber that should be looked upon with the greatest of suspicion, as this defect seriously reduces the 
strength of the wood, and even although the cup shake may disappear when a piece of the wood is cut 
away, the log should still be tested at other parts, to ascertain if the rest of it is sound, as, independent of 
the strength, decay frequently occurs through the rings not adhering. 
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In trees grown in a cold climate,a common defect is found through the frost’ causing a radial fissure 
called frost splits. 

A defect in timber that is most difficult to detect, is caused, when the tree is felled, through its 
striking another log on the ground, causing local compression, and thereby breaking up the fibres of 
the wood. 

In examining a log, the thought that has to be continually before one’s mind is, that it is composed 
of a colony of cells any one of which may be structurally weak and decomposed, and the only way to 
detect the faulty parts of the log is to watch any borings that may be taken from it, and examine them for 
change of colour, or for musty or sour smells, and to listen, when the log is hammered, for any sound as if 
reverberating from a cavity. Some woods used in shipbuilding have large quantities of acids in them, one 
of which, called tannic, forms the efficient substance for tanning leather. The chemical referred to is 
most prevelant in oak and it very quickly corrodes iron fastenings. It can be readily detected in wood by 
applying any form of iron salt in solution to it. 

It is necessary to examine the timber to make sure that there are no fungi, rot, or insects in it, that 
it is free from knots and other local defects, and also that the grain is suitable for the purposes for which 
the wood is going to be used. Insect life, as found under the bark of a tree, is a fascinating study, and 
one of the most interesting features is the effect that these insects have on the growth and condition of a 
tree. Some of the best figures in different woods are brought about by insect life, as is found in ‘ Birds 
Eye Figure” of maple, where the dimples cut away by insects in the outer wood are overlaid by the 
subsequent growth of the tree which produces the effective figure that has made this wood so popular for 
decorative purposes. 


GRAIN OF TIMBER. 


Having satisfactorily arranged the riveting so as to close efficiently the assembled part of a steel 
structure, one is justified in expending a little more time to make note of the arrangement for future 
reference. ‘Io make sketches, however, of the bolts joining a structure formed of wood, for future 
reference, is a waste of time, and has a tendency to hamper one’s outlook when arranging the holding 
together of materials that are not homogeneous. 

When bolting pieces of wood together the bolts should be at right angles to the grain and as far as 
possible so near to the edge of the wood that the fibre will resist the pressure from caulking, so that each 
piece of wood has to be bolted according to its structure. 

There is no more satisfactory way of impressing on one’s mind the different structures of wood as far 
as the grain is concerned than to get a number of different blocks of wood and break them into fire-wood 
with a blunt chopping axe. 

If the fibres are transverse and irregular in cross grained wood it is not suitable for shipbuilding 
purposes. 

In spiral grained wood, as the word implies, the wood fibres do not run vertically and this blemish is 
most prevelant in oak and other hardwood, ‘To realize how prevalent it is, one has only to examine the 
shores and other timber, left in the round, in a shipyard where checks running the whole circumference in 
the length of the timber may be seen. dge grain wood is not a feature of the tree but is so called on 
account of the log being cut so that the sides of a plank show the wood in radial section. Wood cut in 
this way is expensive owing to the amount of timber that is wasted in sawing it up; it is principally used 
for thin planks as fitted on the decks of yachts, the sheathing fitted over wood decks and other high class 
work, 

End grain, as the name implies, is so called on account of the ends of the fibrous tissue of the wood 
taking the wearing parts, and is used for the lower, and sometimes both parts of tail shaft bearings, and 
for the decks of steamers where exposed to hard wear. Owing to the wood referred to having to be cut 
horizontally, it is fitted in comparatively small pieces. 


Knots In TIMBER. 


In the stem of a tree knots develop where the lower branches die off. The branches referred to do 
not die from external injury but from the development of the trunk ; otherwise, with a fully developed 
tree there would be branches a foot or so from the ground, as on the sapling. 
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The knots are at right angles to the grain of the wood, producing local cross grain, and as it 
frequently happens that the branches take years to die off they produce a long hard growth with the 
natural fibre of the trunk growing round them. 

If the knots are firmly imbedded in the wood, it is sometimes better to leave them alone as the cells 
of the adjacent fibre are broken up in removing them. For shipbuilding purposes, however, especially in 
decks, if the knots are not adhering to the surrounding wood they should be carefully removed and the 
holes plugged. In examining wood for outside planking, a surveyor is justified in rejecting a plank that 
has knots in iteven although the knots may be adhering firmly, as if the knots are cone shaped and 
spreading from the base the tendency is for them to work out when the wood is subjected to longitudinal 
stress. 


TrsTinG TIMBER. 


When engaged as a chief draughtsman on the design of vessels with heavy selected materials 
24 inch oak keel and 5 inch teak planking, I formed the impression that it would be feasible to make 
strength calculations for some parts of a wood vessel in a similar manner to those which are adopted by 
naval architects when dealing with homogeneous materials like steel, but for the following reasons I have 
changed my mind. 

To find out the properties of a log of wood, compression, cross bending, tensile, hardness, cleavage, 
impact and torsional tests can be carried out, either with or across the grain of the wood, and the results 
tabulated. 

The test piece should be cut from the log with a chisel and not with a saw, as it dries up the moisture, 
and the work of testing can be carried out with the same degree of accuracy as in the case of homogeneous 
metals, 

Before making use of the information for shipbuilding purposes, however, one has to consider all of 
the extraneous factors, knots, cross grain, &c., and also the shape to which the different pieces of timber 
have to be cut. As nearly all of the wood giving transverse strength on a vessel is taper sided, the only 
test that will give a satisfactory result is one which is taken in conjunction with a splitting stress, owing 
to the fibre diminishing all the way, and as the wood selected for use on the vessel may have either a 
larger or smaller amount of resin or gum than that of the test piece, an allowance has to be made 
for this. 

I therefore came to the conclusion that owing to the infinite variation of structure, ascending for 
example from an old wallflower, which may be quite woody, to ebony, which is excessively hard, giving such 
a range of different organic products, all with a percentage of fibre in them, to obtain any reliable 
information about a piece of timber it would be necessary to cut the test piece from the same log, which 
in shipbuilding is impossible. 


VARIETIES OF TIMBER. 


It is partly on account of the numerous varieties of structure referred to that the study of tree life 
becomes an engrossing subject, and owing to the different kinds of wood, the merchants, who are engaged 
in the sale of it, usually deal only in a few particular classes of timber. Owing to the variety of woods 
bearing the same names, as for instance oak, about 25 qualities of which are suitable for shipbuilding 
purposes, there is no use using such terms as oak when making reference to it, but the botanical name 
should be given and the anatomical characters of the wood described. 

In wood, as in all products of the soil, there are exceptions in abundance to every rule, and as lignum- 
vite is one of the woods that has many characteristics of its own and is used by both shipbuilders and 
engineers, I will refer specially to it. 

It is seldom realised that there are three distinct qualities of lignum-vite all masquerading under 
this title but with different botanical names. As this wood is used for a bearing for tail end shafts, and 
rudders, also for deadeyes and rollers in sheaves, the quality that is used should be as uniform as possible, 
but it is difficult to obtain this conformity of structure when wood from different trees is used. 

After lignum-vitee has been cut a quantity of green gum can be seen exuding from it which is 
exceptional for a wood that has a flinty hardness. Other features of lignum-vite are that:—if it is set on 
fire it will burn brightly; it has neither smell nor taste; it is sold by weight; and, unlike most woods 
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the best place to keep it is ina dark store. If the polish which covers a bowl, as used on a bowling green, 
is scraped away and air is allowed to get at the pores of the lignum-vite they will soon open out at the 
part from which the filling in material has been removed. 

Another feature about lignum-vite is that, unlike other woods the sapwood is equally as good as the 
heartwood, and no more liable to decay. If the lignum-vitz sheave in a block is examined the light 
coloured sap wood can usually be seen forming part of it, and also in the cross grained wood used for tail 
shaft bearings. As the wood has been cut horizontally, one can usually see the sap wood at the four 
corners, 


AcrIps IN TIMBER. 


The chemical action arising from the acids in wood are known to affect certain metals but I have 
never been able to detect, as some have done, any bad effect from joining different varieties of wood 
together. If the wood is not properly seasoned, the cells of both woods will not shrink to the same 
extent, but some of the furniture manufactured from the 14th to the 17th century is structurally as good 
to-day as when it was made, and the composite panels are made from oak, rosewood, ebony, walnut, ete. 

Similarly, stucco or plaster, so much used in the decoration of passenger vessels, if properly 
manufactured has neither a bad effect on the wood, nor have the wood acids a bad effect on the pulverized 
marble and gypsum forming the stucco. There are still in this country oak doors with plaster panels 
which were made in the 15th century. 


TIMBER AVAILABLE FOR SHIPBUILDING PURPOSES. 


After a preamble on somewhat unconventional lines and not merely by stating that the timber to 
be used in the construction of a vessel has to be well seasoned and free from defects, it might be well to 
make a survey of the conditions prevailing in this country at the present time. 

A craftsman has to adapt himself to the post war conditions of his country, and as there are 
practically no well seasoned logs in this country at present, he has to combat this with a better knowledge 
of the materials at hand. 

Within the last few months I have seen mahogany taken from a new vessel on account of which the 
owner had written the builders that the workmanship on the vessel was very bad. It was however 
the mahogany which was at fault, this having opened out about } inch through the heart wood drying 
out, and it was easy to see that the outside of the log had been case hardened through careless artificial 
seasoning. 


SHRINKAGE OF Cut TIMBER. 


In the construction of a wood vessel the mechanical work of fitting, bolting and caulking up the 
different pieces of wood is seldom unsatisfactory, but the shrinkage of the timber makes it draw apart, and 
consequently the bolts slacken, the seams open out and the vessel leaks. 

A large proportion of the vessels that are supposed to be built of too light scantling really give 
trouble on account of the wood cells drying out, and on account of the small factor of safety they start 
leaking more readily than a heavier built craft. 

Owing to the porosity of wood it is always well to find out how much water is percolating through 
the wood itself. I have seen a pine wood flat 2} inches thick subjected to a pressure head of four feet, 
and although the seams were tight, the water was oozing up through the wood so badly that to get it 
tight it had to be coated with pitch. 

It is common knowledge that a master mariner who has had experience of only steel vessels, which 
can be made watertight, is uneasy when he finds that a wood vessel is making a little water. Yet the 
water is carrying a quantity of salt with it which will fill up the pores and weak spots, and thereby 
enhance the value of the wood and make it tight better than any other agency. 

It has to be borne in mind that when a tree is felled about 45 per cent. of its weight is water, that to 
season it the water should be reduced until it is about 15 per cent., and also that as the water evaporates 
the space occupied by it is filled with air. If the air is excluded from a log the fibre remaining is heavier 


8 


than water and the log will sink ; and to realise fully the porosity of wood one has only to witness a log of 
wood being taken out of the water and landed on a quay wall te the amount of water flowing from it 
would almost convince one that it is hollow. 

In one of the shipyards on the Clyde I have seen timber in a kiln for artificial seasoning, and in order 
to carry this out properly the manager had given instructions for the weight to be reduced by 50 per 
cent. 


SEASONING TIMBER. 


In seasoning timber the water is not only evaporated from it, but some of the substances are 
decomposed which would otherwise ferment if the timber were built into a ship and the air excluded. 

A log will shrink about 10 times as much in width as it does in length, and the time that it takes to 
shrink depends on the density of the cell life. 

There are three ways of seasoning timber, natural seasoning, water seasoning and artificial seasoning. 
Natural seasoning is the best, and timber nearly doubles in strength if seasoned in this way. It should be 
stacked above ground so high that damp cannot reach it, and with plenty of air circulating round it. 
All the surfaces of the wood should be exposed by pinning and the wood left to season according to its 
size, the cell life which it contains, and the climatic conditions of the district in which it is being 
seasoned. Admittedly this is very vague, but even assuming that the cell life conditions are constant, if 
the thickness of the wood is doubled, the time required for seasoning should be more than doubled. The 
climatic effect is obvious owing to the varying atmospheric conditions. A soft wood will season in about 
half the time that it takes to season a hard wood of the same sectional area. 

Water seasoning is usually carried out as soon as possible after the tree has been felled, the timber 
being immersed and kept down with chains. It should be immersed from 14 days to 14 years, according 
to the amount of sapwood in it, and then, of course, be allowed to dry out. Timber treated in this way is 
less liable to shrink and warp, and is more durable than if it were dried at once by air. Seasoning by 
immersion, however, is liable to make the timber brittle, and when the water is dried out it is lighter than 
wood that has been seasoned by air alone. 

Unlike other methods of seasoning wood, the seasoning by water even for 14 years has no effect on 
the balsamic qualities of the wood, as it is greatly owing to the resin that the timber is impervious to 
water, and water will dissolve the gums but not the resin. 

The mineralised resin from the ancient forests now covered by the sea between Danzig and Memel, 
where 90 per cent. of the world’s supply of amber is to be found, is the most favourable commendation 
that can be given for the efficiency of the work that resin is carrying out in wood. 

Artificial seasoning is carried out either in a kiln or a cylinder. The timber can be seasoned by 
natural air, hot air, steam, or by a combination of some of these. A kiln supplied with hot air, natural 
air and steam is suitable for the wood used in building wood vessels. The air is fan-driven through ducts, 
and discharged in a chamber below the kiln ; the low pressure steam is also discharged into this chamber. 
The humid air or vapour rises through a grating extending the entire length of the kiln on the floor 
level. The timber is stacked on each side of this grating and the air flows through the spaces between 
the pieces, and discharges through a grating on the ground level on the opposite side to the supply. If 
the timber does not extend to the top of the kiln, baffle boards have to be fitted from it to the roof to 
force the air through the spaces between the timber. If only hot air is used the timber dries up and case 
hardens the skin, leaving the inside moist, and if a hot air treatment is kept up for a few days the timber 
will crack. 

In the early stages of the process, however, the steam jets are left open in the upcast pit and the 
heated moist air rises into the wood chamber and penetrates into the interior cells of the wood, leaving 
the outside moist and porous. Care is taken that the steam does not impinge directly on the wood. 

The thermometer and hygrometer should be fitted in a recess with a door so that they can be 
examined from the outside. 

A graph showing each day’s temperature and humidity is supplied to the man in charge of the kiln 
to enable him to carry out the work in a satisfactory manner. The graphs vary with the quality of the 
wood, the size of the pieces, and the purpose for which it is intended. Even trees of the same family 
vary considerably, as some have more resin or oil than others, and before subjecting a batch of wood to 
artificial seasoning care should be taken to see what condition the wood is in, otherwise it may be 
imperfectly seasoned. 


With a plentiful supply of steam, hot air and natural air, the moisture content per cubic foot in the 
kiln can be regulated to the extent necessary for the process. The hotter the air the more capable it is of 
retaining water vapour and of absorbing moisture from any timber or other materials exposed to it. 
The limiting temperature which determines the final dryness is that which begins to split and damage the 
timber. 

No wood can be properly freed from moisture unless it undergoes smothered combustion and is there- 
by reduced to charcoal, as it is impossible by ordinary heat to free the inner bundle of tubes from water 
without destroying the outer tubes. 


PRESERVATION OF TIMBER. 


All vegetable substances, when life is destroyed in them, are liable to decay, and the durability of 
some woods is better than others owing to chemicals which they contain. It is well sometimes to remember 
the high place we have reached in some sciences and set ourselves problems in our own line of business. 
The problem that confronts us in connection with vessels built of wood is whether a preservative can be 
applied to the tree that will arrest decay and disintegration, keep down fungoid growths, render it immune 
from the attack of ship worm, and at the same time not corrode the fastenings. But in my opinion the 
matter has never been so fully investigated that one can express a definite opinion on the subject. 

If results could be obtained by experiment on trees in a few years, undoubtedly more would have been 
done, but owing to the slow growth of timber a long time must elapse before any definite information 
can be obtained. 

Tf salt or other chemicals are introduced into a parent tree they have an effect on the offspring, and 
it is reasonable to assume that if the problem were approached in this manner some good result might be 
obtained. 

In one of the lectures that I heard Professor Drummond deliver in Glasgow University last winter, 
he stated that in dealing with botanical science “prevention is better than cure,” and for this reason the 
seeds of certain crop plants were impregnated with formaline before being put into the ground, to ensure 
the success of the crop production by eradicating all traces of smut, this being the fungi that infects crops. 

This was of interest, as | had seen the formaline cure tried on a vessel infected with dry rot, and 
although the wood revegetated somewhat 24 hours after, the fungi was too deeply rooted, and the vessel 
was eventually broken up. 

The cure referred to is a good one, however, if the formaline is applied before the fungi has too firm 
a hold in the cells of the wood. 

The impregnation of wood with a chemical substance to render it non-inflammable or fire resistant 
has been engaging the attention of the Board of Trade for some time, and the probability is that after a 
few more fires occur on passenger steamers, one or other of the classification societies will investigate the 
whole subject, as the insurance is affected. 

As there are innumerable patents for so called preserving and making the wood fire proof, before 
accepting treated wood one has to be careful to find out if all of the balsamic (oily resinous substance) 
qualities have been extracted from it, especially for wood that has to be used for insulating purposes. 

As well as the mechanical abrasion process for the reduction of wood to wood pulp for paper 
making there are three processes for chemical reduction which are being used to free the cells of the wood 
from resin and gum. 

The same chemicals as those referred to are used in order to preserve timber and also to make it non- 
inflammable, and as will be readily seen, when the work is carried out by merely extracting the resin and 
gum the whole process is unsatisfactory. 

In connection with this it is interesting to note that alcohol dissolves resins but has no effect 
on gums. 

There is nothing new in the preservation of timber in wood vessels, as in 1769 the wood in several 
frigates in the Navy were treated in this way and in 1834 Doctor Birkbeck read a paper on the preservation 
of timber at the Society of Arts, Adelphi. 

In 1843 Jeffrey’s Marine Glue was first used, the invention being the outcome of an investigation for 
a gum suitable for protecting the outer planking of wood vessels. 

Within the last few years I have examined the materials on ten soft wood vessels, the longest being 
about 250 feet. As most of the vessels had different parts of the structure opened up for repair I had an 
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opportunity of making a thorough examination. Each of the vessels had been “salted,” and as might 
be expected owing to the wood having been fitted without being seasoned, very little of the salt was in 
evidence. 

On six of the ten vessels referred to the wood used in their construction had been “specially treated.” 
All of the six vessels had repairs carried out on them, and one had extensive damage repairs, part of the 
keel and stem and a number of strakes of outside planking being renewed. After carefully examining 
the wood I found that the treatment had not affected it in any appreciable way. It burned in a similar 
manner and contracted to the same extent as wood that had not been treated, 

The method of preserving the timbers and planking of wood vessels is carried out by filling in the 
spaces between the outer and inner planking with salt and in some cases the beams, the term “ salting” 
being used to describe the process. About 50 years ago over 1,200 wood vessels were treated in this way, 
and a shipowner having about 80 vessels all salted could reckon on losing the services of one vessel on 
account of the salt his fleet was carrying. ‘The probabilities are that there has never been any other 
article of commerce that has required so much money to preserve it as a wood vessel treated in this way. 
The initial cost is heavy, and owing to salt being deliquescent in character it has frequently to be 
renewed. ‘The nomenclator of the system must have been a humourist. 

Another expense which is incurred in preserving the planking is that of the copper sheathing, but only 
a proportion of this can be accounted to the preservation, although, in order to keep out predatory animal 
life, the sheathing in some waters is a necessity. If sheathing is not fitted, however carefully the wood 
has been selected, it is liable, after the vessel has been launched, to become the prey of the peregrinators 
who want to make their homes in it. 


DESTRUCTION OF TIMBER BY ANIMALS AND INSECTS. 


Most of us have seen the destruction wrought in old furniture and books by the insects called death- 
watch, and through a slight study of these we learn much about the other magnates in the same line of 
business. 

The three most prevalent sources of destruction to a vessel’s timber are the ship worm, boring 
gribble, and in tropical climates white ants, these being the general names by which they are known, A 
shipowner need not trouble about their real names, which are most formidable, but what does concern the 
owner of a wood vessel is that the mollusia and hymenopter, the animal sub-kingdom and order of insect 
respectively that they come from, have only one vocation in life and that is to lay eggs. 

Within a week of an unsheathed vessel being launched, young shipworms may be found in the 
planking. They bore a hole about +4; inch diameter across the grain and once safely inside the wood they 
turn and work parallel to the grain, making long galleries in it. The wood simply passes through these 
worms’ bodies, their food consisting of infusoria, and the planking only acts as a shalien for them. The 
longest shipworm that I have seen was about 6 inches in length, but they grow to double that size. 

The boring gribble attacks the wood with its mandibles and devours it. They are very numerous 
round the British Isles but only live in salt water. They are small in size but make up for this by 
attacking the planking in large numbers. 

Two species of white ants are known to exist in Europe and the worst cases of vessels being attacked 
by them have occurred in tropical climates. These insects reproduce with such rapidity that some wood 
vessels, detained on a long voyage with no opportunity of dealing with them, have had to be broken up at 
the termination of a voyage from the tropics. 

The late Professor Maxwell Lefroy made a study of the deathwatch beetle previously referred to, and 
in order to exterminate them on the wood roof of Westminster Hall he employed gas. I mention this 
because I am satisfied that with the advancement of science during the last few years, if the subject of 
wood to be used in the construction of wood vessels were carefully considered something could be done to 
protect and preserve it other than the method used at present of loading the vessel down with salt and 


copper. 
DESTRUCTION OF TIMBER BY FUNGI. 


Parasitism is found in all vegetable life, and it is necessary to consider it with reference to both the 
living tree and the tree converted into timber. When a human being is afflicted with the animal parasite 
of malaria, or the plant parasite of consumption, very few physicians will give any indication as to where 


11 


the original cell came from or how long it has taken to germinate, nor are they expected to; but my 
experience has been that whenever a parasite is found on a wood vessel the questions referred to are raised 
at once and an intelligent answer is expected. 

We are all familiar with cryptogamous* plant life as our homes are at all times harbouring some 
variety of them, and when a minute cell has entered a jam pot or alights on a piece of bread where the 
necessary dampness and temperature for growth is given, we find mildew or mouldiness. Now this is just 
the fungoid growth that is found in wood vessels but with a simpler construction. 

The study of mildew or mould has now become a science and mycologists are engaged in combating 
the spread of it in materials for food. It is reasonable to assume that if a large number of wood vessels 
were still being built for trading purposes the mycologists would have been requested to study the fungoid 
growth which infects the wood of ships just as they are studying the wood for buildings, etc. This work 
is being carried out with successful results at the Imperial College at South Kensington, and as there 
are over 2,000 different kinds of fungi it is a study of some considerable extent. 

The most prevalent forms of fungi found on wood vessels are dry rot and red rot. The 
former is not found growing in a wild state in forests, and is probably the product of some lower 
form of sea weed. Now it is just a waste of time for any one to consider why dry rot starts to 
grow on a vessel, as the spores may be blown on board when the vessel is a thousand miles out on 
the Atlantic, and if it finds a resting place in congenial surroundings it will grow just as well 
as if it were carried on a shipwright’s saw from one vessel to another. From personal experience 
I know how it spreads round the repair works in Glasgow and New York, as in both cities I have seen 
wood infected with dry rot spores being lowered over the sides of a vessel in buckets and dumped on the 
ground, the wood in each case being too badly disintegrated to allow of its being carried down the 
gangway. As the spores referred to would be carried over a wide area it is probable that some of them 
would generate into new plants and start their life again. 

I have also kept this fungoid growth under observation for over a year in a wood shed in a ship- 
yard, and in another case for over six months where it was growing between two keel blocks, and 
although the officials knew that it was there they did not have it removed until another shed was 
similarly affected with dry rot. 

Before leaving the question of the diffusion of the spores I would like to quote from Darwin's 
Journal of a voyage round the world as the naturalist of H.M.S. “ Beagle,” where, in connection with 
dust consisting of infusoria and of the siliceous tissue of plants, he states as follows :— 

“The dust falls in such quantities as to dirty everything on board and to hurt people’s eyes; 
vessels even have run on shore owing to the obscurity of the atmosphere. It has often fallen on 
ships when several hundred, and even more than a thousand miles from the coast of Africa, and at 
points 1,600 miles distant in the North and South direction. In some dust which was collected ona 
vessel 800 miles from the land I was much surprised to find particles of stone about a thousandth of an 
inch square mixed with finer matter. After this fact one need not be surprised at the diffusion of the 
far lighter and smaller sporules of cryptogamic plants.” 

When dry rot is established, the length of time that it takes to spread in congenial surroundings, 
suitable temperature and correct moisture, can be best determined by taking a piece of wood similar to 
the one that has been affected, soaking it in ammonia or some alkali, painting the sides to retain 
moisture, and then placing one end of the wood on the top of the infected timber. In about six weeks, 
if the wood is examined microscopically, and is permeated with hyphez, the rate of growth can be 
determined. 

Although the dry rot fungi thrives best in a fairly hot temperature, it will also grow in an ice 
cellar, but the rate of growth will be different. The density of the matter it is growing through, and 
also the natural poisonous chemicals in some wood, have an effect on the growth. There is one good 
detective agent for finding out dry rot on a vessel. Through the fibre of the inside of a plank being 
eaten away and replaced by softer material, there is a slight contraction of each infected piece of wood, 
so that if a vessel is infected with dry rot at any part in contact with the water, owing to the shrinkage 
of the wood, she will leak. The vessel will consequently be placed in dry dock, and caulked, but 
owing to the further shrinkage of the wood she will soon start leaking again. Even although a special 
survey may not be due, if overcaulking is taking place at any part of the structure and the wood in 
bd bilges is found to be sodden with continual wetting, one is entitled to test the wood by drilling for 

ry rot. 


* Plants which do not bear true flowers; moulds, mildew, smut, dry rot and other fungi; also mosses, lichens, etc. 
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Tt does not follow that because some of the spores of dry rot are covered up in a new vessel that 
they procreate at once. If they are in a dry place they may be dormant for four or five years, and start 
to grow when the necessary diffusion of moisture penetrates into their resting place. This is one of the 
worst stumbling blocks to many who, when they are told that most likely the spores of dry rot were 
blown on to the vessel while she was building, take the rate of growth from the date of build; whereas 
if the vessel has been built with well-seasoned timber the probabilities are that the fungi did not start 
to grow until some years after she had been in commission, 

As air is necessary for the fungi to live, if it is excluded from wood the dry rot cannot spread. 
Consequently, for a narrow space on the outer surface of a vessel’s keel and planking, where, admittedly, 
there is only an incomplete exclusion of air by water, it is not found, and, for the same reason, the skin 
on hardwood, or paint, or varnish, will give a good appearance to the wood even although the inside 
may be decomposing. 

The principal trouble in surveying a wood vessel arises from this good external appearance of the 
wood although the inside fibre may be gone, and the only way to combat this is by downright hard work. 
There is no use getting a shipwright to bore holes in the wood ; a surveyor has to do this himself, as the 
tool cutting into the wood gives an indication of crispness if the fibre is sound, and of doughiness if it 
is decomposing, and, as well as the sense of touch, the sense of smell is indispensable, and this is only 
possible if the surveyor is carrying out the drilling himself. We are all familiar with the two extremes 
which one meets in everyday work; the healthy pleasant smell from the resinous exudation from a pine log, 
and the sour and mouldy smell of an old pine wood deck when it is being broken out round a boiler casing. 
With a little care the same extremes of smell can be detected in dealing with oak, teak or other woods. 

If all the viscous balsamic qualities have been eaten out of a plank on the bottom of a vessel, 
usually through chemical action, the plank fills up with water, and a distasteful smell ensues. When 
surveying a composite vessel in dry dock in London, I found quite a number of the outside planks 
affected in this way, probably due to the vessel having been allowed to lie on ground that had deleterious 
matter in it. Now this condition must not be confused with sappy wood, which is the name given to 
wood that has been cut too near the external part of the tree, and, if fitted in a vessel in a green state, 
quickly deteriorates and becomes friable. 

Red rot is a similar fungi to dry rot, but as well as growing in the timber of ships, it is to be found 
in the trees before they are cut down. 

The substance into which wood is reduced by fungoid growth is called touchwood, or punk, which is 
a contraction for spunk. 

Wet rot is usually found in the upper structure of a vessel, as the combination of air and moisture 
brings about the decomposition of the wood. 

There are other forms of fungi, but it is not necessary to deal with them as the most prevalent are 
those mentioned. The thought that has to be kept in mind is that we have a clear conception as 
to whether the wood on a vessel is infected with animal life or fungoid growth, or sutfers from natural 
decomposition. There are primitive organisms found on rotten wood called mycetozoon which are on 
the border line between animals and plants. They have the characteristics of animals, and at a later 
stage of their life have the qualities of plants, so that they cannot be classed as either, but in each case 
where defective wood is found, a surveyor has to diagnose what is wrong with it so that a correct 
remedy can be effected. 


DURABILITY OF TIMBER ON DIFFERENT VESSELS. 


Now, having familiarized our minds with the variations of structure in the wood, we find the work 
easier to overcome when we survey the wood in the vessel itself, as the same variations are portrayed when 
all of the parts are fastened together.. The following observations, on the wood as found in six vessels 
which I have had under survey, will show what a great variation there is in the work that we are 
considering. 

In company with one of the Board of Trade Surveyors I surveyed a light scantling wood motor 
vessel, four years old, double planked, of very light timbers and in which dry rot was suspected. On our 
first visit to the vessel we found that the whole of the timbers were covered in and the stem and sternpost 
covered up with soft wood. After all the lining, etc., had been removed we examined the vessel again, 
and found that not only was there no sign of dry rot but that the wood was as fresh as on the day on 
which it had been covered up. 
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In comparison with the motor vessel referred to, ab a later date in company with a colleague I 
examined a sailing yacht, five years old, all the timbers and stem and sternpost of which were exposed, 
where we found extensive dry rot in the stem and at the fore end of the decl. On the same day we 
surveyed another yacht, 19 years old, where the timbers were all exposed, and found extensive wet rot in 
the planking. ; ; : ; 

The fourth case I think it well to mention was that of is a trading vessel on which one of our 
colleagues and myself held a survey when she was 40 years old. The vessel had not been classed with 
Lloyd's Register and the proposition which was set before us was what class, if any, could we recommend 
the Committee to give to her, After most carefully examining all the timber we recommended A in 
red for six years, which time has just recently expired. 

A two decked composite sailing ship, 223 feet long, surveyed when 27 years old, had most of the iron 
work and metal fastenings in good condition. The wood, however, especially under the cement, was all 
spongy and parts had to be renewed, : 

A composite sailing yacht, 90 feet long, surveyed when 28 years old, had all of the wood planking in 
good condition, but the steel work was so badly corroded away that the class of the vessel was withdrawn 
from the Register Book. 


DISSIMILARITY OF PRACTICE IN BUILDING Wood VESSELS. 

A knowledge of the cut and dried part of the subject referred to enables one to realize that low 
grade timber materials have to be as free from defects as those of high grade materials, and that whatever 
grade is being used, the work of fitting and bolting the scantlings together must be of a high standard, 
also that there is a difficulty in establishing a uniformity of practice in the building of wood vessels, owing 
to the varying qualities of the timber employed. 

The manner in which the work has to be finished on a wood vessel is a difficult problem from a 
surveyor’s standpoint, as it cannot be accurately embodied in any given formula, and this also tends to a 
dissimilarity of practice. 

One vessel may have a pine wood deck fitted, which is roughly finished, and with the pitch left on 
the top of the seams, and another vessel may have a teak wood deck that has been planed by hand, and 
with a good quality of marine glue in the seams nicely cleaned off. ‘lhe one deck costs about three times 
as much as the other, but both are equally satisfactory from a classification standpoint, and the same 
disparity exists in every part of the structure. 

In a hypothetical case where an owner makes a contract for a wood yacht to be built by a firm 
who are accustomed to build a cheap grade vessel, it can hardly be expected that a surveyor in looking 
after the work for classification, is going to bring the materials and finish of the work up to the standard 
of a firm of first class yacht builders, who would have charged twenty-five per cent. more had they got, 
the contract. 

With regard to the various qualities of material that are used in the construction of wood vessels, 
and the time that can be spent in getting a finish on them, there is no other work in connection with 
classification where a surveyor has to take so much responsibility as an arbiter between the shipbuilder 
and the shipowner, as here. A knowledge of the price of the materials is a great help in discussing the 
alternative timbers that could satisfactorily be used. 


WASTAGE IN THE CONVERSION OF TIMBER. 

The wastage in the conversion of timber varies from 200 per cent. to 20 per cent. according to the 
quality of wood that is being used, and the part of the vessel that it is being fitted to. A surveyor can 
be of the greatest assistance to a shipbuilder if be watches the timber as it is being worked to the desired 
shape, as if it is not going to prove suitable for the purpose intended, either through defects or on account 
of the grain of the wood, he can advise the builders that it cannot be accepted. 

Owing to 20 per cent. of the timber cut in the world being converted into sawdust and t» the large 
wastage in converting timber, the price that is realised in the sale of the sawdust and scrapwood is of 
importance. In the past the scrap wood value was considered for the acids that could be extracted from 
it, or for the firewood price, but now that it is an accomplished fact that by the hydrolysis of wood 
cellulose, one can obtain 65 Ibs. of sugar from 100 lbs. of dry sawdust, the importance of the sawdust and 
scrap wood may increase. 
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DESIGN oF Woop SuHIPs. 


When it is necessary to have either a specially long, or a specially broad, piece of timber for an oak 
stem or sternpost and the wood has to be taken direct from the forest to the shipyard, the outside 
planking which comes in way of them should be left off for as long as possible. Owing to the sha 
of the forefoot of a vessel only 147 feet long, an official from a shipyard has had to search for a fortnight 
in the South of England to find a suitable tree from which to cut a log for the lower part of the stem. 
I have mentioned the foregoing to draw attention to the fact that in designing a wood vessel, a breadth of 
vision that includes workmanship is necessary. 

It is useless, at any part of the structure, to evolve a form that has to be made up of a piece of wood 
so broad that it cannot readily be procured, or where a substitute has to be found for a part that should 
be solid, to fall back on the fitting of a lot of scrappy little pieces of wood. Neither is there any use in 
making a vessel so full at the ends that the planking has a tendency to spring out of its housing when 
the vessel is working in a seaway. If the stresses in way of the stem and sternpost ragged dumps have 
to be taken up by the crossgrain at the ends of the outside planking, a through bolt should be fitted 
about one foot clear of them, tieing the two planks together. Wood is about 15 times as strong with the 
grain as across it, and with direct tension the ratio of the strength is as high as 48 to 1 for some woods. 


WoRKMANSHIP ON Woop SHIPS. 


Care has to be taken where the stem, grown frames, etc., have a great curvature, and they should be 
examined in the process of trimming and fashioning to see if the grain of the wood has the necessary 
curvature, as the thin lip of the scarph has a tendency to break off owing to the short grain. 

Strength of construction should take precedence of shapeliness in way of a full stern, as if the horn 
timber and rudder trunk are not efficiently constructed the vessel will leak. 

If the counter is full and the outside planking has to be twisted into shape, there is a strain 
transmitted through the fastening connecting the planking to the horn timber. This splitting stress 
extends all the way down the timber between the inner rabbet and the bearding line, as the fastenings are 
all in a line, and when the horn timber opens out the fastenings leak, allowing the water to percolate down 
round the sternpost and dead wood into the bilges. 

The most efficient repair that I have seen to counteract this defect was on a motor yacht where the 
firm who were making the vessel watertight wrapped a thin steel plate well coated with paint over the 
plank ends and horn timbers and bolted the edges to the planking. 

In arranging the keel blocks for a wood vessel, they are laid so as to give the keel a spring up at the 
ends of about 2 inches for every hundred feet of length, thereby preventing hogging when the vessel 
is launched. 

As wood resists compression more satisfactorily than tension, the most efficient way to prevent 
hogging and sliding seams through the neutral axis of the hull is to fit hardwood between the floors, and 
as steel resists tension in a more satisfactory manner than it resists compression, an efficient arrangement 
to prevent local stresses due to hogging can be made at the ends of the bridge by bolting steel plates to 
the outer planking. 

When one proposes to add additional strength to the bottom of the vessel to prevent hogging, the 
alternative arrangement of increasing the sheerstrake or top member of the girder is sometimes brought 
forward. Experience has proved, however, that when the top sides of a wood vessel are too heavy 
relatively to the rest of the longitudinal framing material, leakage in the seams of the outside planking 
in the vicinity of the neutral axis of the vessel usually ensues. 

A satisfactory method of preventing hogging on an old vessel is by fitting long pieces of timber 
roughly let in to the worn parts of the keelsons (to get a locking effect), and cross-bolting the timber 
to the keelson. 

The problem that arises when a vessel is hogged is not so much what to do to check it as 
to decide how soon one must inform an owner that something must be done to prevent it going 
further. It is quite usual to hear an opinion expressed as to the amount of hog that should be allowed, 
as so much for every hundred feet, but in my opinion a decision can only be arrived at by taking each 
ship on its merits. 

If a vessel has been badly damaged through collision and repaired for part of her length on one side 
only, with new timbers, planking, shelf, and keelsons all tightly bolted up, obviously with this local 
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abrupt change of longitudinal strength on one side, she should not be allowed to hog as much as a vessel 
which is hogging in a uniform way. 

After a wood vessel has been repaired leakage sometimes occurs just clear of the planking that has 
been renewed, owing to the bolts through the new planking being too lightly screwed up in comparison 
with the rest of the bolts. In dealing with wood vessels, if either additional materials or bolting are 
fitted to give local strength there should be no abrupt termination of them, and the fore and aft bearers 
for supporting the propelling machinery, etc., should all be tapered off at the ends. $ 

A wood sailing vessel that is kept afloat is seldom sagged unless she has been excessively loaded 
amidships, but if the vessel goes ashore and the ends touch the ground, sagging naturally ensues. In the 
case of a vessel that has sagged through grounding, one of the necessary things to find out from the 
general appearance of the structure is whether she was hogged before grounding. On a vessel over 200 
feet long that I had under survey it was stated that she had been hogged about 24 inches before grounding, 
and when I examined the keel, which was on level blocks in a dry dock, I found that the fore and aft 
ends were clear of the blocks by about 5 inches. 

I intended to have given some details about the laying of wood decks, but having dealt at some length 
with the question of materials I will only refer to that part of the subject which deals with the breaking 
up of the cell structure when the wood is being laid. 

When working as a shipwright 1 interested myself in the porosity of different woods, and to examine 
this I got a number of square blocks and drilled holes in them, While doing so I became interested 
in the rough tearing effect of the cutter on the fibre of the woods, and to test the efficiency of a 
dowel in them I took some blocks and drove dowels into the holes in the ordinary way. After sawing the 
blocks in two, thereby exposing a section through the dowel, I found in each case that the dowels were 
too tight, and had drawn the fibre down with them to such an extent that if they had been fitted in a 
deck, a little water could have percolated down through the broken tissues. The ends of the plank are 
also bruised and the fibre of the wood partly disintegrated, owing to hammering to set them down, and 
consequently the substances that keep out the water are displaced. 

From subsequent examinations made on old decks I have come to the conclusion that it is not so 
much the presence of the bolt that accounts for the rot at the ends of the planks, on pine decks, but that 
the fitting of the dowels and the hammering of the ends of the plank make deterioration set in so quickly. 
If the dowels were fitted more carefully, and the planks were hammered about two fect from the end, 
the deterioration which is usually found at this part on old decks would not develop to the same extent. 

Pine wood decks are often neglected between the time that they are laid and the time that the vessel 
is taken over by the owners. After the fibres of the wood have been displaced by sawing, hammering, 
and boring holes, the tissues would r adjust themselves and thereby increase the Wearing qualities of the 
deck if a coating of oil were more frequently applied, as is carried out on some new vessels. 

Unless something unusual occurs there is very little done at the present time to preserve the wood on 
a vessel. A friend of mine was requested some years ago to survey two Oregon pine masts 80 feet long 
that had been condemned, but as no suitable wood of the necessary length could be obtained from which 
to make new masts they were allowed to remain on the vessel. It was then arranged that a hole should 
be drilled near the top of each mast and through this they were liberally treated with raw linseed oil which 
soon found its way down to the weak spot, at the partners, where the trouble with long masts like these 
usually occurs. The oil had the effect of closing up the checks and the masts lasted for a number of years, 
the oil penetrating right down to the mast step. 

I have already referred to the varying qualities of timber fitted on wood ships, and the difficulty 
of establishing a uniformity of practice in the survey of wood ships, and the care that has to be exercised 
to protect the structure of the wood when it is being fitted on the vessel. The necessity of obtaining the 
most suitable materials for the particular parts of a yacht is of prime importance, and ‘I propose to deal 
with that aspect of the subject in the remaining part of the paper, and also with the survey of wood 
yachts after they are in commission, 


Woop Yacuts. 


In most countries the home grown materials are suitable for the purposes of wood shipbuilding, and 
a shipbuilder has to select from them the wood that will prove satisfactory for the trade in which the 
vessel is to be engaged. An elm keel is a suitable timber to fit on a trading vessel which is generally 
afloat, but a most unsatisfactory material when fitted on a yacht which may be lying on a slipway for 
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over a year. For the same reason it is a mistake to fit an elm keel on a vessel when it is known that she 
is going to be a long time under construction. 

Fifty years ago it was a general practice in building wood vessels to fit a mock keel, and to substitute 
the elm keel in place of this a week or two before the vessel was launched, thereby preventing the elm 
from rotting. 

A few years ago a yacht, 79 feet long, classed with this Society, was on the stocks building for four 
years. Within nine months from the date of completion dry rot had developed in the elm keel, and the 
wood in close proximity to it, stem, deadwood, and timbers. The probabilities are that some form of rot 
will develop in the elm keel of any vessel that is on the stocks for so long a period. 

The necessity of obtaining the most suitable materials for the particular parts that they are intended 
for has brought about a system of semi-composite yachts. 

When steel is introduced into small yachts, the attachment of the steel to the wood material should 
receive careful consideration. For instance, in the bolting of a flanged steel floor to a bent wood frame, 
the edges of the plate have to be kept clear of the outside planking by about one eighth of an inch, and the 
fastening has to be kept clear of the edge of the plate by a diameter equal to itself, thereby distinctly 
imparing the efficiency of the frame. To prevent cutting up the frame sometimes the fastenings are fitted 
smaller, but if the bolt area has to be reduced there is not much use fitting a flanged plate. Another 
objection to substituting a small fastening at this part is that the more variation there is in the size of the 
fastenings in a yacht the greater is the risk of a shipwright fitting a bolt in a hole which is too large for 
it. For the reasons stated, all of the fastenings in the outside planking should, as far as possible, be kept 
the same size. 

‘Portland cement is frequently used to protect steel frames in a vessel fitted with outside planking, but 
as the cement does not adhere to the planking, water lodges between them, rotting the wood. A suitable 
tar is one material which satisfactorily adheres to the planking and protects both the steel and the wood. 

In surveying wood vessels, the survey that demands the most careful consideration is the one that is 
made on a yacht that has not been built under survey for which the A Class with a term of years may be 
required, A yacht that is only a few years old requires just as much attention in the carrying out of a 
survey as the vessel referred to in another part of the paper which was classed A with the term of years 
when she was forty years old. In the case of a yacht not built under survey, but subsequently classed, 
and which one of our colleagues and I surveyed some time afterwards when she was five years old, a 
piece of beech wood had been substituted to form the upper part of the stem in place of oak, and at 
the time of our survey the beech wood was infected with dry rot. 

If materials of a lower grade than those which are generally used are found in one part of a yacht it 
does not necessarily reflect on the integrity of the builder, because he may have built a cheap yacht without 
either specification or supervision in order to use up some stock wood, or to keep his men employed 
during the summer months. In designing a sailing yacht a designer or builder endeavours to get the 
weight of hull brought down to a figure proportionate to the weight of the lead keel, and, if in building 
the vessel, a reduction in the weight of wood has been found necessary, the probabilities are that the 
reduction has been made on the topside material. What a surveyor has to bear in mind on a vessel 
that has not been built under survey is that when one length of keel (or any other part of the vessel) is 
oak he cannot assume that the remainder of the keel is the same. 

The external appearance of the sheathing on a wood yacht is the most reliable indication of the 
condition that she is in, and if it is wavy on the bottom or sides the sheathing should all be removed in 
order to ascertain if the outside planking in way of it is working loose through straining. 

If, on a motor vessel, sheet lead has been fitted, covering the floors, frame timbers, or planking, it 
should be lifted, and the wood underneath carefully examined. 

If the deck shows signs of straining, and the seams are opening up, the panelling under the deck 
should be removed and the beams carefully examined, and, if necessary, additional knees should be fitted 
to the beams. 

When an owner wishes to know whether his vessel can be classed in the Yacht Register the 
surveyor’s report should show definitely the extent of work necessary for classification, otherwise if the 
owner thinks there is little work to do, and starts it, and then finds that the yacht repairers are 
discovering one lot of defective timber after another, he will naturally be annoyed at having to spend as 
much money on repairs as would have bought a new vessel. 

It is specially necessary to have a complete report in cases where dry rot has developed, as when 
once this disease is firmly established, it is essential that it should be wholly eradicated. 


DISCUSSION ON Mr. G. M. SHAW’S PAPER 


ON 


“THE SURVEY OF WOOD SHIPS AND YACHTS.” 


Mr. W. Warr. 

This is the first paper read before the Association on the subject of wood and wood shipbuilding, 
and it could not be in more capable hands than those of Mr. Shaw, who has had a very wide experience 
in surveying wood ships on behalf of the Society. It is, perhaps, unfortunate, that he has devoted so 
much of the paper to wood and so little to the survey of wood ships and yachts, particularly as we are to 
have, in the near future, papers dealing specially with wood. 

In the few remarks I have to make I propose to deal chiefly with matters connected with the 
survey and upkeep of wood ships. 

The author states that the sapwood of lignum vite is as useful as the heart-wood ; but this also 
applies to English elm, more of which is used in ship construction. As a matter of fact some of the 
wood shipbuilders of a century ago fitted a number of longitudinal strips of elm sapwood, about 2 to 3 
inches in width, at intervals in the side and bottom planking. I remember seeing two old wooden ships 
in which tio such strips were let in to the bilge planking with two normal planks between, the edges of 
the planks being bevelled so as to form a dovetail, which secured the elm strips without the use of bolts 
or other fastenings. The idea was that when the vessel was launched the elm strips, being softer, would 
expand more than the other planks, and thus keep the bilges tight. 

Dry rot has ever been the bane of wood shipbuilding, and once it attacks a part of the structure it 
is practically impossible to stop its depredations. 

A year or two ago I was associated with the refitting of Captain Scott’s old ship, “ Discovery,” for 
further service in Polar seas. Although this vessel was only about twenty years old, practically all the 
main timbers were so badly wasted by dry rot that they had to be renewed. Externally they appeared 
to be in perfect condition, but the hammer produced a hollow sound, which told its own tale. Age does 
not appear to render timber immune from this scourge, for I have induced dry rot in a sample of oak 
taken from the leg of a chair which was at least 80 years old. 

Owing to the available sizes of timber and the difficulty of securing continuity of strength, there is 
a practical limit to the size of a wood ship. This fact was realized by the Liverpool Society of Under- 
writers, for in their regulations of 1867 a greater freeboard per foot of depth was required as the depth 
of the ship increased. For the same reason great care is necessary in arranging the fastenings, and I 
am glad to note that the author recommends that these be determined at the ship to suit each piece of 
timber, and not, as is sometimes done, in the drawing office or mould-loft floor. 

We frequently speak of steel ships as being ‘ fit to carry dry and perishable cargoes.” This term 
cannot be applied in the same sense to wood ships. The creaking and groaning of a wood ship strikes 
terror to the heart of the landlubber making his first venture at sea, but they are music in the ears of 
the old ‘* wooden walls.” 

“A dumb ship is a dam ship 
Not fit for the likes 0’ me.” 

To them pumping was part of the day’s work. I had in my possession until recently the log books 
of some of the old wood ships engaged in the timber and sugar trades. In these books the mate was 
required to enter daily the time employed in pumping the vessel, and soundings were required to be 
taken and entered in the log at the end of each watch. The average time spent at the pumps appeared 
to be about 45 minutes per day. 

When sugar was carried the bags were laid on about 18 inches of light dunnage and about 
6 to 9 inches of similar dunnage was placed between the frames and the cargo. In many cases 
tarpaulins were placed on top of the sugar bags to protect the latter from water leaking through the 
decks. 
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I remember a case where considerable leakage took place, principally at the inner edge of a broad 
waterway. It was thought that structural weakness was the cause and additional knees were fitted, 
but these only moved the leaks to seams further inboard. Then the additional knees and (except in way 
of the rigging) every alternate original knee were removed, and a marked improvement was noted in the 
water-tightness of the deck. The experience gained in this case led to a reduction in the number and 
dimensions of knees fitted in subsequent ships. 

As an illustration of the “working” which takes place in a wood ship, Captain Adair in his 
“ Reminiscences of a Sailor” states that he has carefully observed and measured the opening and closing 
of the butts of the deck and found the movement amidships to be fully a quarter of an inch. 

Some years ago a wood yacht about 60 feet in length sustained damage to the bilge through being 
crushed between a steamer and the harbour wall and it was found necessary to renew four planks in each 
bilge for the entire length of the vessel. When the repairs were completed and the vessel undocked 
careful examination was made for any leakage but not a weep could be found and the vessel proceeded 
to sea. Four days later she returned, leaking badly, and was at once put on the slip. Some difficulty 
was experienced in tracing the source of leakage but it was found ultimately to come not from the new 
planking but from the planking above and below. The new planking consisted of stove-dried timber 
and insufficient allowance having been made for expansion due to the absorption of water when afloat, 
the butts and seams of the adjacent planks were “ drawn” and these had to be recaulked and a number 
of fastenings renewed. 

In another case a troublesome leak appeared about 10 feet abaft the stem at the level of the 
cabin sole. Weeks elapsed before it was discovered that the source was in the after deadwood and that 
the water travelled along between the keel and the hog piece until it was interrupted by the collision 
bulkhead stopwater. 

When the suggestion was made to the committee that a paper on wood ships would be welcomed 
one of the questions put forward was the very pertinent one, when should a wood deck be required to be 
renewed? The best answer to this question is to be found in the Society’s rules. When a wood deck 
is worn to the minimum thickness given therein, the dowels are worn through and the bolt heads 
exposed. By this time the fibre of the wood in way of the bolts has perished and it is seldom possible 
to re-bed the bolts. 

In some cases sheathing 1 to 14 inches in thickness has been laid on the original wood deck after 
the latter has been dubbed to a fair surface ; but the arrangement is never satisfactory, and in my 
experience it has generally been gutted out and a new deck laid after a single voyage. 


Mr. 8S. TownsHEenD. 


The difficulty of obtaining timber of suitable shape and size for such parts of a wood ship as 
sternpost, forefoot, fore and aft deadwood and apron is often not fully appreciated by the designer. 
During the war it frequently happened that a builder’s representative was obliged to search the woods 
and countryside to find trees to provide wood of the required shape. The urgency of the occasion 
demanded the least possible delay and consequently the cutting-down of the tree, the seasoning of the 
wood and the placing of the piece in the ship often occupied a few weeks only. This was asking for 
trouble and trouble frequently came. It serves to illustrate one of the difficulties that arise even in 
normal times. 

The effect of using unseasoned timber was demonstrated in the case of some wooden drifters built 
in Canada during the winter months and launched in the spring when the ice had melted. Two of 
these vessels were sent to the Mediterranean, and a few months after being commissioned reports were 
forwarded stating that ‘the decks were like sieves and the hulls were riddled with worms.” ‘The effect 
of the hot sun and warm sea upon the insufficiently seasoned timber was such that these vessels were 
declared unfit for use in warm climates. 

Dry rot appears to be the principal enemy of the wood ship. I do not understand the theory that 
it is some lower form of seaweed, especially as it is found everywhere thousands of miles from the sea. 
Might it not be a form of land ‘‘ weed” ? 

According to Mr. James Bartlett (Professor at King’s College, London), ‘the spores of the dry rot 
fungi will find a way through brickwork, concrete and other materials, in order to reach the wood-work 
that may be on the other side.” Such pertinacious little fellows will certainly not find a few thousands 
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of miles of air a serious obstacle. One might conclude from this that not much is to be gained in trying 
to exclude air from timber by the use of cement and other protective coverings. In any case the working 
of the ship will probably cause cracks through which air can pass. But if the dry rot spores can get 
through the cement, why fit it? I should be glad to have the author’s opinion on this. 

As instances of how dry rot has been arrested, I might quote the following cases :— 

1. The old “ RESISTANCE ” frigate, which went down in Malta harbour, remained under water for 
some months, and on being raised was found to be entirely freed from the dry rot fungus that had 
previously covered her. A 

2. In the ship “ Epen” the progress of rot was completely arrested by 18 months’ submergence 
in Plymouth Sound, so that after remaining a year at home in excellent condition she was sent out to 
the Hast Indies. 

I do not suggest that one cure of dry rot disease is to scuttle your ship, but the effect of prolonged 
immersion in water is very instructive. 


Mr. E. W. BLocksipaE. 


Mr. Shaw has given us a very interesting and useful introduction to the subject under discussion this 
evening and has dealt very extensively with the growth, seasoning and preservation of timber. When 
reading the paper one is inclined to be led away by the enthusiasm of the author and make a further con- 
tribution to facts he has already dealt with, particularly in regard to the defects and diseases of timber, 
but I presume the object of the paper is to give those of our members, who have had little experience in 
the building or repairing of wood ships and yachts, some results of experience that will enable them to 
possess confidence when appointed to survey a wooden craft for the first time. For this reason, therefore, 
it would be an advantage to keep our interest centred on the actual survey of ships or yachts. 

The life of wooden ships under normal conditions of service has been greater than those built of iron 
or steel. It is obvious that vessels which were built under the pressure of war conditions cannot be 
placed in the same category as those constructed before the year 1914. 

In looking through the Register Book, I find the oldest iron vessels are the paddle steamers 
“GLENCOE,” originally the “Mary Janu,” built in the year 1846, by Messrs. Tod & McGregor, of 
Glasgow, and the “ GLENGARRY,” built by Smith & Rodger, Glasgow, in 1844. So these two vessels are 
over 80 years old. There are two iron vessels classed with this Society, one built in 1864, the 8.8. 
“Srerrr,” which went through her 5th No. 3 Survey in 1924, and the “Sr. Carr,” built in 1868, 
which went through her 7th No. 1 Survey in 1924. 

The oldest wooden vessel in service, so far as I have been able to ascertain, is the sailing ship 
“ Bur,” of Cowes, 27 tons gross tonnage. She was built in 1801 at Cowes, and must, therefore, be 125 
years old. She belongs to Messrs. Shepard Bros., Ltd., of Newport, Isle of Wight, and carries cargo 
from the island to the mainland. Mr. Shepard has been good enough to give me a midship section 
showing the disposition of the timber used in construction. A very large proportion of the original 
timber is still in the vessel. I hope to reproduce this drawing in a paper on timber next session, but it 
is of interest now to mention that the species of timber used appear to be placed in the ideal situation to 
give the best results and increase the life of the vessel. Mr. Shaw emphasises the importance of the 
Surveyor obtaining a knowledge of the characteristics of the various timbers, and in this midship 
section we find there is American rock elm for the keel, English oak for the frames, keelson, shelves, 
lodging knees, hatchway coamings, beams, ceiling, bulwark stanchions and topside planking, with 
English elm for the bottom planking, teak for the bulwarks and pitch pine for the decks. 

Some years ago I had an unclassed wooden sailing vessel under survey, in dry dock at Greenock, for 
the assignment of freeboards. She was built at Rye, in Sussex, as a revenue cutter, and at the time of 
survey was nearly 100 years old. It was evident, during this survey, that the original timber must have 
been of good quality and well seasoned, that she had been built under cover, and what was of very great 
importance to the life of the vessel, she was so constructed, by the provision of suitable air courses, to 
permit of adequate and constant ventilation throughout. The surface of the oak beams and timber was 
like planished steel, and the general condition of the ship suggested she could run for another 100 years. 

In contrast to the foregoing, I had a larger sailing vessel in dock at the same time, which had been 
detained on its way down the Clyde to Ireland. This vessel was only 30 years old, and when the ceiling 
was stripped, it was discovered that the whole of the vessel was impregnated with wet rot. One could 
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easily detach with their fingers the lodging knees from their fastenings, the inside of the outside planking, 
and the surface of the timbers were like soft cheese. It was obvious this vessel had been lying on a 
beach for a lengthy period with the caulking exposed to the changes of the weather, causing the outside 
planking and deck seams to admit rain and water on the rising tide. 

The vessel was purchased for less than £300, but it cost the owner another £1,700 to put her in a 
seaworthy condition. 

One may ask the question, “ Why is it possible for a ship to get into such a condition?” The Board 
of Trade instructions relating to unclassed wooden sailing ships at one time permitted an increase of 20 
per cent. in the case of hard wood ships and 25 per cent. in the case of soft wood ships being added to 
freeboards, computed in accordance with the Tables, when they were not opened out for survey. The 
freeboard certificate granted did not have a time-limit and was considered by the owner to be of a 
permanent character, with the result that surveys were often long overdue. The Board have now 
stiffened their attitude towards these vessels. 

The instructions laid down in the Society’s Rules for the survey of wood ships for the continuation 
or restoration of class are very definite and clear in detail, but from my own experience, if I may be 
permitted to say so, it is a matter of time and opportunity before one obtains sufficient knowledge to go 
into a wood yard or a repairing establishment with any degree of confidence. A yacht or boat builder 
knows within ten minutes of his entry into the yard whether a Surveyor is au fait with wood construction. 
It is, therefore, with appreciation we welcome the paper under discussion to-night. 

It is essential, as the author points out, for a Surveyor to understand the various qualities of timber, 
but it is another matter for him to be able to diagnose or anticipate defects. That only comes with 
experience, and the present paper under review would have been of even greater value than it is if the 
author could have given us the benefit of his experience in outlining some of the difficulties a Surveyor 
might anticipate in surveying a wooden ship or yacht, and where to look for these possible defects. 

Rot, whether dry or wet, has been a bug-bear almost since prehistoric days. Volumes of literature 
have been written on the subject. It was the cause of the dismissed Samuel Pepys being reinstated as 
Secretary to the Admiralty. Dry-rot sometimes develops in situations least expected, such as on the face 
of mouldings in cabins. The more one knows about the ravages of this terrible creeping disease the more 
one becomes alarmed at its possibilities. The whole of the frames of a wooden ship on a surface 
inspection may appear to be perfectly sound and yet be rotten throughout the heart-wood and I think 
Mr. Watt is in a position to give you some interesting details of a ship under his oversight in recent 
days where the vessel was smitten almost fore and aft with this dreaded disease. 

I had a very unfortunate experience in a shipyard of one of the Southern States of America where, 
after a period of idleness, the builders received a contract for two fore and aft schooners. It is quite 
natural for a Surveyor on his first visit wishing to please the officials. When the timber was shown to 
me | naturally asked them to draw out the bottom baulks for inspection, for I heard the stacks had been 
there for two years. 1 had no hesitation in condemning the batch as it was impregnated with dry rot. 
The result kept the construction of the vessels back for several months, and shows the necessity for great 
care to be exercised in stacking timber in preparation for building. 

The presence of wet rot can be anticipated with a greater degree of accuracy than when looking for 
dry rot, for the cause is very evident. The quality of the caulking is important and every opportunity 
should be taken to inspect the keel or garboard seams, the hooded ends of the planking and particularly 
those scams of the planking between wind and water, for it is through defective caulking that water finds 
a passage to the back of the timbers, lodging knees and shelves. Even when the instructions do not 
insist upon the procedure it is essential that the fastenings through the sides be examined by driving 
some of them out, especially if they are of iron or are ordinary wooden treenails. Defective treenails are 
a source of trouble, they may have been slack when driven originally, or unseasoned, and with their 
capillary attraction draw water into the planking and on to the inside surface of the hull. 

The auger bit and the pricker are the essential tools of the Ship Surveyor in his survey outfit. The 
importance of these tools has been explained sufficiently without further emphasis. Some defects can 
only be discovered by their use. The inspection of the colour and the smell of the drillings gives a true 
impression of the timber, but this sense of smell comes to a Surveyor only by experience. 

1 remember having a severe collision case under survey where it was found necessary to scarph a 
new upper stem to the sound structure. The use of the auger was made to discover sound wood, and in 
company with the Surveyor to the Bureau Veritas, a new piece of oak was selected which gave every 
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appearance of being sound, but when the holes for fastening were being drilled and the timber trimmed 
into shape with the adze, I discovered the pink hue of foxey timber, and it was immediately condemned. 

A wooden ship is crowded with possibilities, and the survey of such is intensely interesting. 

We all know the effect of oak on iron fastenings. Experiments were recently carried out in the 
chemical laboratory of the New York University to determine the effect of gallic acid on iron. Five 
grammes of clean iron wire were immersed in a 5 per cent. solution of gallic acid. In nine days the 
weight was 4°720 grammes and the solution intensely black ; 13 days later the same specimen weighed 
7453 grammes. ‘This indicated the formation of a crust weighing more than the original iron and 
probably protecting it. Pap es 

In spite of these experiments which were not conducted, to my mind, under a fair time test, it still 
remains of great importance to inspect the plank ends and fastenings of all decks and side planking 
where such fastenings are used. 

One has not the time to speak of the various methods which have been used to prevent the decay 
in timber and in the structure of wooden vessels, also the value of boiled linseed oil for use during the 
building of yachts or boats to which the author refers, or to the close observation necessary during a 
survey to ascertain whether straining has taken place in a wooden sailing vessel; but in closing I would 
like to give a warning to my colleagues never to be unduly alarmed at a wooden. vessel leaking. The 
proc edure is to seal the pumps and, after a period, depending on the Surveyor’s previous inspection and 
observations, take soundings. Some experienced sailor-men would not sail in a wooden ship unless it 
leaked slightly, and others, who have had little experience with such vessels, would sail for the 
nearest port and report the matter to the Board of Trade. 

Mr. Shaw has spent much time in the preparation of a useful paper, and I have to offer my 
personal thanks for his valuable contribution to the transactions. 


Mr. A. G. AKESTER. 


About the middle of page 9 Mr. Shaw says that the impregnation of wood with a chemical substance 
to render it non-inflammable has received the attention of the Board of Trade for some time now. I do 
not know to what experiments the author actually refers, but I think it would be worth while to 
draw attention to some other experiments the results of which I have noted with interest during the last 
year or two, especially as there would appear to be no reference to them in the paper. Ever since the 
year 1916 a Committee of the Institution of Civil Engineers has been investigating the Deterioration of 
Structures of Timber, Metal and Concrete in Sea-water by the aid of grants from the Department of 
Scientific and Industrial Research. The first report of this Committee was published in 1920, and 
further interim reports have since been issued almost annually. The experiments and tests are of a 
very comprehensive character, and many bearing on the protection of timber are still being prosecuted. 

Numbers of specimens impregnated with different poisons have been exposed at ports round our 
coast, such as for example Lowestoft and Plymouth, while certain timbers impregnated with creosote and 
D.M. (an organic compound of arsenic) have been under test at Colombo, as the ravages of the Teredo 
have been found to be very severe at that port. 

{xamination of the wood specimens placed in position at Plymouth in 1920 shows that a remark- 
able protection against Teredo was obtained by an addition of 2°2 per cent. of carbazole to ordinary 
creosote, 

Test pieces have also been prepared by drawing the poison through the pores of the block, so that 
while the cylindrical core is poisoned the exterior of the block remains free from poison. It would be of 
interest if Mr. Shaw, in his reply, would give some idea of the relative penetration of creosote in the 
different systems of impregnation now employed. As the density of creosote is about unity, it is evident 
that weighing the specimen before and after impregnation would not be sufficient to show the amount of 
ereosute absorbed unless the moisture were at first entirely removed. As the result of a severe outbreak 
of Teredo in the harbour of San Francisco much attention was directed to the effect of the relative 
salinity of the sea water on the occurrence, distribution and persistence of the Teredo, From numerous 
observations it has been established that in those waters at least it was necessary for the well being of the 
Teredo that there should be a salinity represented by 13 or 14 parts per 1,000—pure sea water having a 
salinity of 29 parts per 1,000. This bears out Mr. Shaw’s statement that the degree of salinity of the 
water has an important bearing on the life of certain of these marine pests, 
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I am interested in the author’s reference, on page 15, to the hogging of wood ships. It has been 
stated before now, doubtless with but little truth, that in order to beat the Plimsoll line ships are purposely 
loaded so as to cause an arch in the centre. In wood ships, however, there would appear to be a real 
difficulty in keeping the keel straight. I have a case in mind of a barquentine 250 feet in length.which 
was said to have been built with a sag of 9 inches, and yet when that vessel was examined in dry dock, 
prior to completion, she had a sag of nearly 2 feet. It is possible that the fitting out berth was responsible 
for the sag in this case. 

Some captains assert that most large wooden vessels are hogged and yet suffer no detriment thereby. 
They argue that as the ship loads the bottom is compressed, thus ensuring a tight ship, whereas, if the 
ship sagged, she would leak. 

Mr. Shaw says that the amount of hog allowable in any case should only be determined in con- 
junction with the cireumstances of the case. This is reasonable, if perhaps a little cautious, but I should 
be glad if he would say whether, in his opinion, a hog of 20 inches might be acceptable in a 250 feet 
wood vessel, provided of course it came on gradually with service and not immediately after launching. 

These few remarks just touch on one or two of the many interesting points raised by Mr. Shaw in 
a paper which I am sure has given a good start to our new session. 


Mr. G. R. Enear. 


Mr. Shaw has contributed a paper covering a very wide field which embraces very much more than 
his title would at first indicate. ‘There is, however, a certain difficulty in applying many of these general 
principles to actual cases, and I suppose it is facility in this direction which constitutes experience. So 
the author will perhaps not mind giving a little more light on some of the aspects and details of the 
subject. 

Under sylviculture (page 2) trees are divided into two distinct types, but it would appear that the 
distinctions are invisible to the naked eye and necessitate the use of a microscope. Would the author 
explain what the significance of these differences are, and can they be recognised by any other means than 
a microscope. 

Reference is made to the absorption of carbon-dioxide and the giving out of oxygen by the leaves of 
trees. Is not this process reversed at night? I do not understand what is meant by the solution of 
nitrogen, as is not nitrogen as such insoluble ? 

On page 4 the examination of cut timber is dealt with and the chipping away of sapwood referred 
to, and perhaps the author would state what is the maximum proportion of a log he has known thus 
removed, and what the minimum? Could not some woods, for example oak, have practically no sapwood. 
With regard to cup shakes, how is the log to be tested without destroying it in the process. It seems 
analogous to chipping out a surface defect in a plate when after finally getting rid of the defect the plate 
is ruined as far as regards its original size. 

Mr. Shaw is rather condemnatory of the testing of timber, and elaborate strength calculations are 
doubtless useless. In many cases simple ones are not, and notwithstanding there is great variation in the 
qualities of any particular kind of timber, many of these varieties can be removed by defining the 
conditions of test, so that the resultant data represents a fair standard for a particular kind of timber. 
Thus comparison can be made with similarly tested other kinds of timber, and such information is of 
great utility. The amount of testing of this kind done in the Dominions and in foreign countries is 
enormous, and affords a mine of information of the qualities of all kinds of timber. In this country, as 
far as I know, there is not much information of the same kind relative to the native woods, and this, 
considering the importance of the latter, is a pity. 

With regard to water seasoning, what exactly does the process cover, as it would appear to be the 
reverse of ordinary seasoning. Is it necessary after water seasoning to dry the timber, and how long does 
this take ? 

When the author is dealing with dry rot he states that if air be excluded the dry rot cannot spread, 
but is it not a fact that dry rot is more prevalent in ill-ventilated spaces, and that the more ventilation 
that can be given the better. If this is so, the first statement seems misleading. 

When dealing with the prevention of increase in hogging the author favours attaching material to 
the keelsons and mentions a locking effect, Would it not be necessary to fasten this reinforcement to the 
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bottom part of the keelson to obtain this locking affect? How is the latter to be obtained with increased 
hogging if the material is fitted at the top of the keelsons ? , : : 

Althongh the author deprecates giving figures, I wonder if he would mind saying whether he 
considers two feet of hog excessive (that is, sufficient to require dealing with at survey) in a ship, say, 
250 feet long of the type of four-masted schooner with auxiliary machinery aft which was built in 
America during the war. And with regard to such a vessel, is it not customary to camber the blocks 
prior to docking, or is it preferable to give less camber than this amount? With reference to the case of 
a ship having sagged on grounding and the necessity to find out whether she was hogged prior to this, 
where would the exact signs of hogging be looked for? Evidence of working might be there, but what 
would distinguish it as hogging definitely? Generally, are not the indications so small as to be hardly 
discernible except in the aggregate ? 

[ regret having asked so many questions, but am confident 1 shall get them answered. 


THE PRESIDENT. 


The paper we have just had the pleasure of hearing opens up many avenues of thought. : 

Of all the products of nature there are probably none which have rendered more valuable service 
than timber, and none which have been found more directly adaptable to the requirements of man. 

With all the enquiries and research which have been made with a view to producing other materials 
suitable for constructive purposes, timber to-day is universally used, and is of great structural value. 

The paper induces us to consider whether we have really advanced so far along the line of progress 
as we are inclined to believe. 

Wood is still very largely used in the building of ships and yachts, and notwithstanding the many 
ailments to which timber appears to be liable I feel sure wood construction will continue till the 
end of time, 

The early part of this paper is at least an education. Few of us probably were aware of the many 
ills to which timber is prone. Not only may timber be diseased and in failing health before the tree is 
even cut down, but it would seem that it is very easily attacked after being worked, and may soon fade 
under the dire influences of infection and contagion. 

It almost startles us in its possibilities of ultimate failure to do the work for which it might be 
intended. It would seem that timber, apparently in good condition, worked into the structure of a 
vessel, might be found to be faulty at no great time from the completion of the work, and that such 
failure, by a close examination, might be traced to one of the causes referred to. 

In such cases it would seem that surveyors who are not conversant with the subject of “ comparative 
anatomy ” in plant life—and few of us would be—might easily be held responsible for failure for which 
they are entirely blameless. 

This is an important matter, and if it has any real foundation I would like to ask the author if he 
can suggest any means by which an error of judgment might be avoided. 

With reference to the question of survey of wood vessels I think the paper would have been 
enhanced in value had the author dealt at greater length with it. There are many points which he 
might have expanded for the benefit of surveyors who, with limited experience of wood construction, 
might be called upon by the Committee to inspect such vessels. 

The old school of shipwright surveyor who had knowledge of both wood and iron is getting less 
year by year. Most of these gentlemen had knowledge by actual experience, and very valuable advice 
they were able to give. There were few, if any, books on wood construction until within recent years. 

My mind recalls the name of one honoured Surveyor to Lloyd’s Register already mentioned by 
Mr, Watt, that of Mr. Thomas Phillips, late principal surveyor at Newcastle when I joined the Society 
at that port, and in my association with the City and Guilds of London Institute, as one of their 
examiners in shipbuilding, I obtained much sound advice from him on the subject, not only as regards 
practical workmanship, but of the treatment and seasoning of timber. 

We have advanced in knowledge since those days, and artificial seasoning or treatment of timber has 
been introduced in several forms. Where these latter are recognised by the Committee vessels may be 
classed without a reduction in the term of years. 

The question of fastening across rather than with the grain of the wood is important, and is 
emphasised when one considers that the shearing strength of timber in the direction of the grain is 
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comparatively small, varying from about 500 te 2,000 lbs. per square inch, according to the kind of 
timber. This gives a reason for keeping the size of fastenings as small as possible at, and the fastenings 
themselves as far as possible from, the ends of planking which have to take end pull. 

The figures given by the author for the relative strength of timber with and across the grain seem 
to be large, but it is not quite clear what he means by ‘“‘strength.” Does the term refer to direct tension 
or compression, to bending or torsional stress, or to elastic modulus? ‘There is a variation between all 
these characteristics quite different to what one experiences in a more uniform substance such as steel. 

In speaking of the means which might be adopted to obviate the effects of hogging and sagging the 
author suggests the use of wood in compression, and of steel in those parts which have to take tension. I 
daresay there is a good deal of sound advice here, but a warning is, I think, necessary where steel is used 
in conjunction with wood. Great care is necessary as to the amount and manner of using the steel in 
wood vessels due to the fact that their elastic properties are so widely different, and unless judiciously 
employed the combination might lead to unsatisfactory results. 

Then there is the matter of fastening steel plate floors to wood frames. Mr. Shaw here has in 
mind frames of relatively shallow moulding, in which case it is perhaps better to attach the floor to 
angles through bolted to the frames in the direction of their moulding. In this way the bolts may be 
staggered, and so obviate the possibility of splitting the frames through the line of bolts. 

I quite agree that when it is possible to do so the use of small size bolts may be preferable to bolts 
of large diameter; it would mean, of course, many more bolts being used. It could not be adopted, 
however, as a general principle, as in certain paris of the vessel, and in vessels of certain types, the 
method would not be admissible. 

For example, in the planking—a point mentioned by the author—it could not be generally adopted, as 
stringers, beam shelves, floors, and knees would require bolts of relatively large size, due to their number 
being limited ; and again where mixed framing is used, as in the case where grown or cut frames are 
used in conjunction with intermediate frames of small section, bolts of different sizes must be used. 

The matter generally reduces itself to the necessity for careful survey and watchfulness during 
building, and the possibility of workmen fitting bolts of a size smaller in diameter than the holes bored 
is just as likely to occur when the bolts are of uniform diameter as when the sizes vary. 

The point mentioned by the author of suitably protecting the wood by coating with tar or other 
composition before applying cement is important, and is well worth noting on account of the possibility 
of water finding access between the cement and wood, and so causing decay. 


CORRESPONDENCE. 


Mr. J. WArRsorrue. 


Mr. Shaw has given us a paper which has taken us back to nature and taken into account a multi- 

licity of subjects. In fact it could well have been divided into two parts: one part could have been 

rae to Arboriculture and symbotic partnership in plant life : while the survey of wood yachts would 
have supplied the other part. 

Being an engineer as well as an amateur gardener, I have taken a keen interest in the osmosis of 
plant life, of course when I say plant life trees are included. There is a mechanics and a dynamics of the 
cell, and all the laws which physicists call surface tension, capillarity and osmosis, which, if studied, will 
teach us how the cell manages to breathe, drink and feed. Professor Percival and others have carried out 
various experiments which demonstrate this diffusion. In fact osmosis is used in the sugar refinery ; 
crystalloids will pass through the animal and vegetable membranes if there is water on the other side of 
the membrane, but the colloids will not do this. In one of Percival’s experiments he filled a bladder with 
a solution of sugar and tightly sealed the opening. It was then placed in a vessel of pure water. It was 
found that water passed into the bladder, notwithstanding the bladder being sealed. The amount of pressure 
set up depends upon the amount of sugar solution and the temperature. With a strong solution greater 
pressures are produced than when weaker solutions are used. Similar internal pressures tending to expand 
the bladder are observable when solutions of potassium, nitrate, copper sulphate, and many other substances 
are used, and of course different pressures are obtained with different solutions, It will be found that 
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while pure water passes inwards through the walls of the bladder a certain amount of sugar or soluble 
compounds employed passes outward and will continue to do s9 until the composition is the same inside 
and outside. A bladder or other structure distended by osmotic pressure becomes firm and is then known 
as turgid. Provided the outer membrane is supported similarly to the cell in the tree, pressures up to fen 
atmospheres have been recorded. 

Dissolved in the cell sap of all living plant cells are osmotic substances such as sugars and salts of 
various kinds with the power of attracting water: when the plant cells are immersed in pure water they 
become turgid, and this state of turgidity is the cause of the elasticity and firmness in the thin walled 
living parenchymatous leaves. Under the influence of the internal cell pressure, the thin lining of 
cytoplasm (or the primordial utricle) which controls the passage of soluble substances into and out of the 
cell, the sap filling the vacuole, is forced outwards into close contact with the cell-wall at all points : the 
cell-wall becomes stretched until its elastic recoil equals that of the outward pressure. This outward 
pressure in wet weather often splits the cell. The substances which pass into and out of a living plant 
cell must permeate both the cell-wall and the thin lining of cytoplasm and is frequently permeable or 
impermeable, and not quite the same as the bladder which is only used as an illustration. Of course the 
nucleus and plastoids (protoplasm within the cell) influence the solutions in the cell, and therefore the 
pressure. 

Mr. Shaw’s statement that nitrogen has no effect on tree life and its use when dissolved is without 
influence is surely a printer’s error, as Maze and Golding have shown that no plant could live very long 
without nitrogen : leguminous seedlings raised in sterilised sand and given every food constituent except 
nitrogen died, They also showed that nodule bacteria in pure cultures apart from leguminous plants 
(namely oak, beech, etc.) are able to fix and utilise free nitrogen of the atmosphere. Many plants, by the 
help of bacteria (especially the leguminous plants) absorb free nitrogen from the air, which is stored up in 
the root system in the form of nodules, to be used later on as the plant needs it. This is especially noted 
on poor chalk lands. A bacterium possessing the power of absorbing free nitrogen from the air and 
building it up into nitrogenous compounds is known as Clostridium Pasteurianum described and studied by 
the bacteriologist, Winogradski. One striking peculiarity about these bacteria is that a good many of 
them belong to the group of organisms called anaerobic—that is to say, they can carry on their work in 
the absence of free oxygen. This latter group collect nitrogen from the various manures, salts, soot, etc., 
in or applied to the soil. Without nitrogen and oxygen protoplasm can’t live for very long. I don’t agree 
with Mr. Shaw that it is a waste of time for anyone to consider why dry rot starts on a vessel. My father 
made a study of dry rot for many years and was chairman of a committee who wanted the Board of 
Agriculture to ban certain areas of growing timber affected by dry rot, which would be cut and imported 
to this country. It was by lending his papers to the agent for a prominent yacht owner that litigation 
was avoided. 

The yacht owner after reading the papers sent a piece of timber which appeared to be sound to an 
eminent bacteriologist, who confirmed my statement that the timber was probably affected by dry rot 
before being placed in the vessel and that my father’s papers were correct. The bacteriologist stated that 
Formaldehyde penetrates deeply and rapidly, and from its action on the cells of the wood, it tends to 
protect it indefinitely. After treatment with Formaldehyde the cells of the wood are condensed to a 
degree which locks up the vapour, and so long as a trace of this is present moulds or fungi cannot exist. 
Wood treated with Formaldehyde is sterile bacteriologically, that is, yields no growth of moulds, fungi, or 
bacteria after implantation on suitable media. At the present time the Royal Institute of British 
Architects record about forty different kinds of dry rot. 'The most common are Coniophora Cerebella, 
Polyporus Vaporarius and Merulius Lachrymans. The last is the most deadly and malignant of the 
three. There was a theory that the spores would only germinate in the presence of an alkali but this 
theory is wrong as they will also germinate in a slightly acid solution. The fungus will live in a cold or 
moderate temperature but not in a fairly Hof temperature as Mr. Shaw states. Falck computes that the 
highest temperature at which Merulius Lachrymans can thrive is from 79° to 80° F.: my father found that 
at 100° F. it died out. Coniophora Cerebella needs a considerable degree of dampness for its subsistence ; 
Merulius Lachrymans practically none once it is established, while quite a small amount suffices 
for the needs of the Polyporus Vaporarius. All these three have been found on growing timber. 
New timber may be affected by dry rot in its first stages, or spores 1/8,000' in diameter and not 
visible to the naked eye may be on the timber. If all timber could be heated to a temperature of 150° F. 
or eyen 120° F, and afterwards treated with Formaldehyde all the hyphae and the spores from the 
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fructification of the mycelium would die. Once Merulius Lachrymans is established it collects its own 
moisture from the atmosphere which often hangs from the tips of the hyphae in drops or tears, hence 
its name. 

I have seen the hyphae penetrating a brick wall and growing over iron in search of timber to attack, 
as long as part of the growth was fixed in other timber. 

I should like to have given a copy of the bacteriologist’s report but my remarks are already too long. 
I thank Mr. Shaw for his paper. 


Mr. G, DyYKEs. 


Not only does Mr. Shaw give us a clear insight into the Morphology and Pathology of wood materials, 
but points out the difficulties to contend with in their selection for shipbuilding purposes, and gives hints 
as to examination of quality for wood shipbuilding purposes. 

Reviewed in the light of some 50 years ago it would then have been considered a simple matter to 
select and collect suitable sound material for wooden vessels of the size now being built at home as at that 
date. A fairly large stock of sound material was in hand suitable for framing stems, etc., whereas at the 
present date woods for these purposes are more difficult to procure, and timbers (frames), etc., have to be cut 
out from much younger stems of trees than formerly, requiring great care in the inspection of the finished 
parts before fitting in the vessel, and the Surveyor has in some cases a difficult task to induce builders to 
satisfy his requirements, considering the much igher prices now than formerly for material and labour. 

’ The Rules for wood ships embody not only great experience as regards scantlings and number of 
years assigned for various materials used in the various parts in the construction of wood ships, but give 
requirements to be fulfilled at Special and further Continuation Surveys. 

The Surveyor’s experience and judgment appeared to me not to be so much taxed in the building of 
new wooden vessels as in carrying ont the requirements of the various surveys in vessels already built, 
which at times causes great anxiety to the Surveyor, for not only must he be guided by opening out 
parts for inspection as laid down by the Rules, but must take into consideration as to where the vessel was 
built and make further tests as his experience and judgment guides, otherwise he might be deceived as to 
the general soundness of a vessel under inspection. 

As the days of wood ships are past for merchant services, there is hardly any necessity for me 
entering more fully into this subject, as I am sure very few Surveyors will care to devote the time to 
study the qualities of wood materials which they will have but little opportunity of applying. 

But at least those Surveyors still alive who have adze and axe hall-mark experiences in modern 
shipbuilding on their limbs will feel thankful to Mr. Shaw for the masterly and exhaustive manner in 
which he has dealt with this subject. 


Mr. J. Hann. 


Mr. Shaw’s' paper on the Survey of Wood Ships and Yachts will doubtless produce considerable 
discussion. His paper will be invaluable to those Surveyors dealing with the survey of wood yachts for 
classification or the examination for buyers of yachts, and will be of great interest to those older Surveyors 
whose years go back to the age when wood was the predominant material in the construction of cargo 
ships. 

es the practical side of the subject dealing with the survey of wood ships and yachts, I beg to offer 
the following remarks as of possible help to those who have had no opportunity of gaining experience of 
wood vessels. Even nowadays there are many wooden coasting vessels, a number of which retain a class 
in the Register Book. I have dealt with many of these vessels far exceeding forty years of age, and in 
cases have found very little repairs necessary to enable them to pass reclassification survey. The favourite 
material of construction of such vessels was seen to be: framing of British oak, bottom of elm, bends of 
pitch pine, and topsides of teak. Much of their freedom from decay was attributable to the fact their 
earlier years had been spent in the Newfoundland fish trade, when a favourite device of the masters was 
to leave the air courses open and so allow the salt in which the fish were preserved to fill in the spaces 
between the timbers. In making examination of a wood vessel considerable attention should be given 
the following items ; the effects from topwater, condition of the fastening and condition of the floor timbers, 
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Wood ships are apt to make topwater. This means water that finds entrance into a vessel from the 
deck. Neglect of the deck caulking, especially the seams of the waterway and covering board, have very 
serious consequences. The lowest strake of bulwark planking may never be removed for caulking the 
backs of the bulwark stanchions, which may be carried through and bolted to the top timbers. Often 
mistakenly the sheer strake is repeatedly recaulked when a vessel is found to make topwater, thus 
straining the surrounding fastening and accentuating the trouble caused by unsuspected leakage through 
the seams of the covering board. In such cases decay that rapidly spreads over the whole surface of the 
top timbers, inside and outside plank, beam ends and shelves ensued. At the ends of the vessel, 
especially the after end, the effect is still more serious, since the want of ventilation in these parts adds 
to the rapidity of the deterioration. The Rules of Lloyd’s Register in reclassification surveys provide 
for the removal of planking, both deck and outside, so that the surveyor can be satisfied as to the 
internal condition of the topsides. It will be seen how advisable is an extended examination of these 
parts and the necessity of getting as complete an examination as possible of the stern framing. In the 
survey of the Black Class, the plank sheer has to be removed, thus exposing the heads of the timbers, 
and it is sometimes instructive to note how much more advanced the decay in the timbers is than would 
have been anticipated from a survey of the siding. It exemplifies the necessity of boring the timbers 
when the siding only is exposed. 

In dealing with the effects of topwater, it is important to ascertain the condition of those top 
timbers through which the chain and preventer bolts pass. The strain on the rigging generally causes 
more leakage at this part, and the top timbers that take the chain and preventer bolts are the first to 
decay. In such cases the bolts become perished in way of the top timber and if renewed without making 
good the timber disastrous consequences may result. 

That a wooden vessel may hold her caulk and keep tight, it is essential the fastening must be in 
good order. Dealing with unsheathed vessels, an examination of the state of the caulking will quickly 
throw a deal of enlightenment on her general condition. Vessels that have leaky garboards are likely to 
be found to have broken centre line fastening, 7.¢., the fastening binding the keelson, floors and keel 
together, Vessels found to have the oakum throwing out of the seams in wake of the rigging will be 
found to have broken or defective fastening. When the wood ends are found badly opened it may be 
inferred the fastening binding the stem apron and deadwood may be broken. 

In all cases of reclassification Surveys the Rules specify a large number of fastenings to be driven 
out for examination. The fastenings of wooden vessels may be of copper or yellow metal, galvanised iron, 
black iron, or wood treenails associated with any of the above. Copper fastening is necessarily used in all 
binding bolts dealing with vessels that are sheathed with copper or muntz metal. In old vessels it is 
often found defective, the bolts being found frayed away at the junction of the plank frame, a centre core 
only being found left. In all cases of copper fastened vessels it is essential to ascertain they are not 
broken and a number of centre line bolts should be driven out as also binding bolts elsewhere in order to 
ascertain their condition. Dealing with yachts with ballast keels it is most important to ascertain the 
condition of the centre line bolts attaching the ballast keel. Owing to the severe strains brought on them 
through heavy sailing they are apt to become slack or break. 

Wood treenails tightly driven form an excellent means of connecting the outside planking. | Un- 
fortunately they are liable to decay badly at the junction of the plank and timbers. They may be 
found to have fretted away at this part or covered with pits. In cases of old vessels it is common to find 
the whole of the treenails from the bilge upwards have to be renewed through this cause. Treenails are 
wedged on the inside surface and caulked on the outside. Examination inside often reveals the wedging 
slack and this portion of the treenail decayed. In examining the treenail fastening of a wood vessel 
those backed out for examination should be tested by striking them a sharp rap against some hard 
substance. They are often found to have become brittle and break under such treatment. 

A good idea as to the general condition of the planking and framing of a wood vessel can be 
obtained through driving out the treenail fastening. If the treenails are found exceedingly tight and 
haye to be bored out it does not necessarily follow they were so driven originally. It may show she is 
straining badly and altering form. She is nipped on her treenails and this should be noted for further 
examination as to her condition. 

The holding qualities of black iron and galvanised iron are too well established to need any 
comment. Both decay rapidly when used with a vessel that is sheathed with copper or muntz metal, 
through galvanic action, In unsheathed coasting vessels they will be found to mostly corrode at the 
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junction of the planking and frame. Dealing with wood vessels that show distress by throwing out the 
oakum, all iron Petrie should be examined were in the wake of the rigging and backed out if 
defective or driven back if short and plugged. ‘The vessel should then be refastened in way of the 
rigging and elsewhere in accordance with circumstances. 

The floors being those parts of the framing of a wood vessel that cross the keel and connect the two 
sides, form the principal means by which the vessel’s bottom is held together and their soundness is the 
greatest asset a wood vessel has for preserving her seagoing qualities. 

I think the principal reason that wood ships give so much trouble regarding their inability to keep 
tight was due to broken floors. It will be found that their condition is a source of anxiety to owners of 
coasters anxious to obtain a reputation for delivery of dry cargoes. 

Unlike most steel steamers, whose condition can easily be ascertained owing to the major part of the 
inside and outside surfaces being exposed, the defects of a wood vessel require skilful tracing. Her ills 
are buried by the interior plank or ceiling. After grounding there may be no apparent injury nor can 
the effects of loading and discharging aground be readily seen. In both cases a number of floors may be 
broken through local stress. In such a condition she will work in a seaway and break her centre line 
fastening and go out of shape and become a leaky vessel, such leakage being greatly accentuated in bad 
weather, 

To cut out the inside or outside planking for the examination of the floor timbers would be 
considered a costly affair and unless there was good ground for doing so the Surveyor would have to make 
the best survey he could with the limber boards lifted. It will be realised, however, how important 
knowledge of the condition of the floors is and how deceived a Surveyor may be on making 
examination of a wood vessel where the materials may be excellent and the fastening still holding good 
whereas a number of floors may be broken and the vessel will certainly start leaking on encountering 
heavy weather. Vessels that are working through broken floors always show evidence at the mast wedges, 
these will be found working out with mast coats distorted. 

The fitting of a hog keelson to a wood vessel that has altered shape confers no benefit unless the floor 
timbers are sound. 

As mentioned, the Surveyor in dealing with a wood ship has to trace all her troubles to the source of 
origin and it would appear that the best course for an owner to pursue in regard to a wood ship that 
gives trouble through constant leakage and working in a seaway is to face the expense of examining the 
floor timbers by remoyal of plank inside or outside. 

A good idea as to the general condition of the planking and timbers of a wood vessel is found by 
using a piece of stout wire bent and sharpened at one end and razing through the holes when treenails or 
other fastenings have been backed out for examination. 

The timbers of wood vessels engaged in coastal trade are often found to have worked at the bilges 
with wood at butts decayed. The method of repair and making good the weakness is to cut away the 
decayed wood at the joints and fit chock pieces and then fit a wide thick bilge strake cross bolted to the 
timbers and outside planking. 

The heels of the timbers abutting against deadwood fore and aft are very subject to decay. These, 
being through fastened to the deadwood, form a weakness in a part of the construction heavily burdened 
by materials, if decayed. Examination by cutting listings from the outside plank or by boring is 
advisable when surveying an old wood vessel. 

It is important dealing with wooden coasting vessels to ascertain the condition of the inside surface 
of the bottom planking. It is sometimes found much worn by action of continuous rolling of gravel or 
stones from previous cargoes. 

When dealing with the caulking of wood coasting vessels the Surveyor is often confronted with the 
statement that the vessel has not been recaulked nor has she made a drop of water for perhaps seven 

ears. Such a statement may indicate a very grave condition of affairs since neglect to recaulk earlier 
as in many cases resulted in the edges of the planking becoming wormed. The Rules require the bottom 
of wood vessels when not sheathed to be caulked once in every five years. 

When a wooden vessel is to be recaulked the work should not be undertaken until all the fastening is 
made good. It is obvious that a very heavy strain is put on the fastening by the caulking, and a vessel 
that is recaulked with defective fastening will soon work the caulk slack and become leaky. The super- 
vision of the caulking is a matter of responsibility for defective edges due to dry rot will come in evidence, 
and the cause of any difficulty of the caulkers in making good their work should be examined, 
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It is sometimes the case that a wood vessel comes under inspection for local leakage, and an exami- 
nation of the outside planking and rudder trunk and the caulking does not reveal it. In such event a 
shake in the timber forming the stem or sternpost is suspected. In the one case it would be hidden by 
the cutwater and in the case of the post it might be hidden by the gudgeon braces. An old time method 
before inspectors were about to find the shake was to back out the stopwaters. A slab of wood was then 
shored against a stopwater hole, and from the other side tallow was continuously forced in and found its 
way past the deadwood, etc., by the track the leakage would have to come, eventually bursting through 
the defective part of the stem or sternpost. 

With regard to wood yachts and the tracing of dry rot, I think there is no better advice that can be 
given than to search diligently. On the outside planking it is generally advertised by some discolouration, 
whether the planking is painted or scraped bare. In either case, the Surveyor must go over the outside 
planking with a sharp pointed pricker until satisfied all planks are sound on the outside surface. All 
parts of the interior that have not had a current of air passing through must be opened up. Dry rot is 
very prevalent in cases of pine planking of any description, more especially Oregon pine. Vessels that 
have been laid up in fresh water are most subject to the infection. Dry rot often starts in vessels 
immediately they are built through using in some part of the construction the broad leafed elm, called sand 
elm, a wood that rapidly perishes and spreads the trouble unless in contact with salt water. It may 
happen the builder has sawn up pine logs that he should have known by the odour when cutting were 
infected. In yacht building it is necessary the narrow leafed variety of elm, called Wych elm, should be 
used in preference to the broad leafed when dealing with keels. 

When a plank is removed owing to dry rot the edges of the adjoining planks should be examined. 
A case came under my notice recently in which dry rot was found on the inside edge of an outside plank 
and confined to the place where it crossed a timber. 

As stated in previous remarks when caulking the caulker can readily tell if he is working on the edge 
of a plank affected by dry rot. Unfortunately, the caulker will not always tell, and there appears no 
choice but to prick over the planking and make borings. 


Mr. J. A. Lowson. 


Mr. Shaw has dealt with the survey of wood ships in a very instructive and very interesting way. 
In this paper the author has given us a lot of valuable information, and those who are not well versed in 
sylviculture have had placed before them the information which is necessary in dealing with this part of 
the many duties, we, as Surveyors, are called upon at times to undertake. This should be of some 
assistance in carrying out the surveys. 

Surveys of wood vessels are not so frequent of late as they were in years past and it is to those, like 
the author, who have had the necessary experience that we, the younger Surveyors, look for guidance and 
advice when called upon to carry out eae duties, and perusal of this paper instills into us the many and 
varied peculiarities that require to be carefully watched and investigated during these surveys. 

Steel does not require the same careful examination as wood, as the author states, and in the case of 
wood (when wood is mentioned it is meant to imply all or any kinds suitable) each piece, however small, 
has to be carefully scrutinised, this scrutiny continuing minutely as each operation during the 
construction proceeds. It should not be neglected after the first examination, as defects very often occur 
and appear as time elapses, and in some cases cause rejection of the material. If doubtful materials are 
passed in the initial stages of construction, considerable trouble, expense and delay may be the outcome 
and it is necessary for the Surveyor to make up his mind without delay whether he will accept the materials 
proposed to be used. 

Timber containing knots should not be used, but I regret to say that in surveying vessels I have 
seen a considerable number wrought into the structure of a vessel, even in the outside planking. They 
have been a source of trouble and in many cases have had to be removed and the parts affected dealt 
with at the owners’ expense. 

Like Mr, Shaw I have carried out many experiments with wood but although very instructive and 
interesting, besides the considerable amount of work and time spent on them, I found them of no practical 
use as regards conclusive data to work on, the tests in many cases being of very wide range even with 
the same materials, 
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Regarding the composite panels referred to in the paper on page 7, perhaps the author would state 
if he considers that the porous plaster on the panels would assist the preservation of the materials, 
allowing as they do the wood to exude or absorb moisture as necessary and so prevent the decay that 
would take place if the wood was air locked. 

The statement of the value of timber being enhanced by slight leakage has up to the present been 
omitted from my very large collection of excuses in trying to justify a slight leak to an owner, but I shall 
certainly try it on as opportunity arises and see how it is accepted. In spite of this I am in agreement 
with Mr. Shaw that the traces of leakage are not always as supposed to be, the result of bad caulking, 
but are due to the porosity of the wood used, and that when the air cells of the wood are closed by the 
salt the leakage disappears. It is often stated that a vessel should not leak on launching but I would 
rather see a vessel with a slight leak on the first immersion than one that doesn’t. I have seen vessels 
tight on launching but have experienced trouble later in other directions. 

With regard to the trouble experienced in obtaining seasoned wood, I should like to have Mr. Shaw’s 
opinion whether the difficulty in obtaining seasoned wood is that the builders would be called upon to lay 
ina large stock of varied sizes entailing a considerable outlay, with the result that the difficulty of knowing 
the sizes necessary for the future demands causes the shortage of seasoned material? Mr, Shaw tells us of 
builders proceeding to the South of England to look for seasoned materials and I have known them 
coming up North on the same cause. 

The remarks on the seasoning of timber should be carefully read and if an opportunity arises when 
one can Visit a factory for the seasoning of timber it should be taken and the knowledge obtained would 
be well worth the time so spent. 

I am in agreement with the remarks regarding the time that elapses for decay to take place in the 
timber of vessels and although all signs of decay cannot be put down to rot, I have seen vessels with rot 
in which the timber expanded and each plank on the outside assumed a curved surface similar to the stave 
of a barrel, and in this case the seams were tight, but the fastenings had drawn and leakage was taking 
place through them, the planking in these cases being of American elm and the vessels about 18 years 
old. Leakage sometimes takes place through faulty caulking and in such cases it is a difficult 
proposition to make them tight afterwards. 

The boring worm as described may be found in vessels’ structure after a short time and where found 
so soon after construction, appears in parts where the preserving composition has become useless or in 
inaccessible parts as around rudder trunks and rudder stocks above the rudder ports, and in places where 
the composition has been scraped off through lying on a mud berth as is often the case whilst discharging 
cargo or in the case of yachts during the time laid up wintering. The question arising in cases such as 
these is to what extent the “boring” should be allowed before renewal and here the Surveyor is called 
upon to use his judgment, which in some cases is very difficult. In tropical climates the destruction 
caused by the worms is very pronounced and in an exceedingly short period the planking of a vessel is 
sometimes beyond repair. A short time ago an owner was strongly advised to sheath his vessel before a 
cruise to the Mediterranean and on his return after only six weeks in these waters he was compelled to 
renew the American elm planking and English elm keel. Jn the case of teak the action is not so quick 
but nevertheless this material suffers also. 

Timber used in construction of wood vessels has been treated by spraying with Formaldehyde 
solution to prevent dry rot and the results have been very satisfactory and no signs of dry rot have 
appeared. ‘The result of the spraying had the tendency to harden the wood treated, making it very 
difficult to work. If it were possible to carry out a series of tests and experiments to try to find 
methods of dealing with decay of timber it would, in my opinion, have a wide effect on the preser- 
vation of vessels constructed in wood, Vessels under construction in wood at present are few in number, 
little has been done to investigate the causes of decay, and if one of the institutions or societies 
interested would allot a sum to carry out these experiments, my opinion is that the results of the 
research would fully justify the expenditure. It is noted that a laboratory is being erected for forest 
products research by the Department of Scientific and Industrial Research and it is to be hoped that the 
results of the timber engineers’ experiments will be published, and if so, should be very interesting and 
instructive reading. 

Vessels building or built require to have air courses, which dry the wood and prevent moisture and 
thereby the growth of the fungi is prevented. One vessel recently coming under survey developed dry 
rot so severely after the owner had closed the air courses and painted and caulked the ceiling, that within 
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two years the vessel was condemned. Perhaps the author could explain why this dry rot developed so 
quickly after the air was excluded, if, by excluding air, dry rot cannot spread? The vessel in this case 
was examined eighteen months previously and found sound. 

The statement regarding the survey of wood vessels being downright hard work is quite correct 
and wood surveys should not be considered lightly, and while a steel vessel may be completely surveyed 
in a short time, it will take a considerably longer time to survey a wooden vessel, because every part, 
however small, has to be examined on both surfaces. To make matters more troublesome and difficult 
there is usually ceiliny or thickstrakes to contend with. One must not assume that a wood vessel 
with a hard outer surface is sound, and the surveyor will be well advised to try the structure by sound 
and experience will enable him, in the majority of cases, to tell good from bad. Surfaces have been 
subjected to testing with a pricker and to all intents and purposes found sound, but on sounding were 
found to be decayed very badly. In the case of masts this very often happens. Judging by smell or 
taste may be quite in order, but on going on board some wood vessels one would feel justified in con- 
demning the vessel from the deck or the top of the gangway. 

Cement has proved that it should not be used in wood vessels as it does not adhere and in many 
cases has been the cause of large renewals, as it does not allow the wood to dry out and wet rot usually 
occurs, Several cases have occurred to my knowledge where all the first frame futtocks and floors have 
had to be renewed. Where cement has been put in a vessel trouble can be expected and is usually 
found. From observation, my opinion is that cement in any form should not be placed in a vessel and 
when one sees cement round rudder trunks trouble can be expected. Drainage can and should be 
arranged to the exclusion of cement. Paint also adds to the decay of timber, preventing, as it does, the 
free passage of air to the structure, and the exudation or absorption necessary for the timber to 
remain in a sound state. 

Timber trees should be cut in the late autumn when the sap is inactive and the least amount of 
moisture is contained in them. Elm trees have been seen lying cut for two years and in spring time 
begin to shoot, showing that the tree remains active although cut for a period. Oak trees have been cut 
and used almost immediately, and one can form one’s own opinion as to the after effects. When oak 
trees are found with the bark removed, one can then assume that they were cut at the time when in 
greatest activity and these naturally take longer to become seasoned. The white or alburnum of oak 
should always be removed. 

I agree with the remarks about the standard to which yachts should be built. The Surveyors are 
responsible for materials and workmanship and cannot be held responsible for finish. Each individual owner 
has his own opinion as to what a yacht should be, and we see from the Yacht Register Book converted 
naval pinnaces designated yachts. In fittings such as bollards, fairleads, etc., we have no jurisdiction, 
although often we are asked to express an opinion, and in these cases it is better to use discretion as to 
whether we should consent, as our opinion is expressed as being the last word in many cases. In 
wood vessels the Surveyor should see that the cants or grounds for securing the panelling or lining is free 
from sap and that no doubtful timber is fayed against sound timber. In a great many cases this has 
been the cause of wood structures becoming subject to dry rot through contamination. The wood used 
for these cants is in a great many cases the off-cuts unfit for use elsewhere and although unseen should 
be selected as carefully as if on the surface. One large yacht at the present time is undergoing extensive 
renewals on account of the foregoing, the vessel being only two years old. 

The spoiling of wood varies to a considerable amount and the author states that out of every 
three parts used two are waste. IT have seen as much as four out of five, depending on how the timber 
is used and in a great many cases how purchased. Builders would be well advised to purchase timber 
by sending an experienced man and not as is done in a great many cases by an order clerk who only 
considers price. In one vessel in which a new stem was required six stems were condemned in different 
stages of completion. In one case recently a new stem was being fitted in an old vessel and on boring 
it for the floor fastenings a rindgall was discovered which led to its being condemned, proving that the 
Surveyor must not relax his supervision until the last fastening has been driven. Surveyors can assist 
in a great number of cases by offering suggestions which are generally welcomed and looked for, and 
from my experience much appreciated. 

In a great many cases the design of a vessel at the ends is so well considered by the builders to 
make the vessel look as shapely as posssble that the construction never enters their minds and it is left 
to the workmen, in collaboration with the Surveyor, to arrange a practical job. The difficulty arising is 
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pointed out in the paper, and in cases when faying planking which is inclined to fly a thin steel plate is 
usually clamped to the planking at the same time as it is being wrought as a preventative against flying. 
The remarks about the ragged bolts or dumps in the planking through the horn timber are well worth 
remembering, as a great deal of the leakage at the stern in way of the rudder casings occurs through the 
fastening splitting the horn timber, the rudder trunk in many cases being housed or stepped into the 
horn timber in the line of these fastenings, and from personal experience it is recommended that 
fastenings should always have special attention during construction. In surveying old vessels one almost 
always finds cement filled in around this part, presumably to be a repair for a leaky trunk, and if so this 
part should have careful examination, because the ends of the filling piece is usually decayed in way of 
the cement. Extra fastenings at the ends of full vessels have been fitted and proved satisfactory to 
prevent the planking leaving the timbers at the extremities, and Iam of the opinion that this would in 
many cases assist in preventing the percolation which arises at the ends. It is interesting to read 
of the satisfactory repair to the wood ends of the vessel with a steel plate, but as the Surveyor who next 
surveyed the vessel was not in a position to know the reason for fitting the plate originally he would 
be fully justified in removing it for examination, surmising as he would that something radically wrong 
was under it. 

The question of hogging in wood vessels is a serious problem and requires a great deal of 
consideration, and a record should be kept, if possible, of a wood vessel sighted at each dry-docking in 
order to ascertain the speed at which the hogging takes place, assuming, of course, that the rate is not 
excessive. A case occurred lately of a vessel hogging 7 inches in 100 feet in three months after 
launching, and in this case means had to be taken to stop it. 

The remarks regarding oiling decks is worth remembering for wood vessels, but for yachts it would 
not be tolerated as it would spoil the beauty by destroying the whiteness so sought after. Teak decks 
on yachts have been known to appear almost as white as pine after a time by the continued application 
of Sooji-mooji or other such preparations, and which in no small way tends to early decay. The 
attention of the Surveyor should also be directed to the dowels on outside planking as well as to the 
decks, as a considerable amount of decay takes place around them in certain kinds of soft wood. When 
such decay sets in larger dowels should be fitted; this happens very often also in mahogany of poor 
quality. The treatment of masts by being subjected to oil injections is not new, and in olden times 
every mast had a hole bored at the mast head fitted with a plug, and oil was filled in weekly until it was 
found coming out at the heel, and this in no small way helped to prevent early decay. The mast in way 
of the hoops, bands, cheeks and the partners should have special attention at surveys because, being under 
compression, the dampness does not so readily find its way down the air cells, and decay occurs much more 
rapidly in these places, although they often appear sound. I have experienced oregon pine masts decay 
four years after renewal and some showing signs of decay even before that, although appearing perfectly 
sound outside. The mast referred to in the paper by Mr. Shaw was evidently not in a classed vessel or 
more would have been heard about it, or it was not so bad as at first thought. Before a Surveyor 
decides on having a spar renewed the case should be well considered, because by a judicious repair the 
spar may sometimes be made almost as efficient as when new, I have seen at first survey large repairs 
done to masts thought to be beyond repair. Boring masts, in my opinion, in a great many cases 
accelerates decay, because when the plug is fitted afterwards it tends to arrest the flow downwards and 
set up wet rot by acting as a stopwater at the part bored. 

The fitting of a mock keel appears to be quite justified, but from a practical point of view would be 
at the present time impossible. With the floors and futtocks stepped into the keel and the through 
fastenings to the keelson requiring to be fitted at the last moment it would seem a rather long and 
complicated affair. In a composite vessel recently the elm keel was fitted towards the completion of the 
construction, and in this case, although only about 100 feet long, the operation took over two months, 
and comparing this to the most intricate work in a wood vessel it would take longer than may be antici- 
pated. The keel referred to decaying before completion may have developed dry rot through being 
painted during the construction of the vessel and not allowing a free passage of air as has happened in 
another case. Keels of swamp elm are very susceptible to dry rot. Perhaps Mr. Shaw would give his 
one whether it is an advantage for the construction of a wood vessel to be extended over a long 
period ? 

In steel floors connected to frame timbers trouble is experienced with the fastenings either drawing 
owing to shrinkage or to shearing. The remarks regarding different sizes of fastenings is, in my opinion, 
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very opportune, as in several cases I have found the tradesmen using the same boring bit when the 
differences are small, and unless carefully watched trouble may be expected later. In examining treenails 
all not perfectly true should be rejected, as they are usually slightly smaller in diameter and a cunning 
tradesman will usually look for them as they are easier to drive. Beech is sometimes substituted for 
English elm and chestnut for oak. When in doubt about the latter taste is a very good judge, the 
chestnut being sweet to taste and of a reddish tint. 

In many cases of wood decks leaving wood beams, the owners fit mouldings to cover up the apertures, 
and the Surveyors’ attention should be directed to this part when he has reason to believe that these 
mouldings have been fitted for that purpose. 

The requirements necessary before classing a vessel in the Register Book should not be treated 
lightly, because sometimes an owner has been put to considerable expense in carrying out the require- 
ments, whereas if he had known exactly before he commenced he, in all probability, would not have classed 
the vessel. In a great many cases owners attempt to have their vessel classed in order to sell, the yachts 
being in a somewhat doubtful state of soundness. Lately since an owner attempted to get the Society to 
class a vessel that had been a C.T.L. two years previously. 

The oxidisation of iron not only destroys the fastenings of a vessel, but has an injurious effect on the 
timber surrounding it, and if the timber of a vessel be such that a supply of oxygen from the atmosphere 
can be kept up through its pores the oxidisation and destruction of the iron will be more rapid and 
where the wood is oak the action is very rapid. If possible in such cases yellow metal of standard 
quality should be used. Experience has proved that fastenings of iron are very much inferior to those of 
metal, and in vessels with iron fastenings special attention should be directed towards them and the wood 
in way of them. 

Vessels constructed of red pine are reported to have a short life if used alternately in salt and fresh 
water, and | should like to know if Mr. Shaw has experienced this ? 


Mr. W. P. Coniines. 


I have read Mr. Shaw’s paper with considerable interest and am of the opinion that the title of the 
paper might have included the ‘Growth and Nature of Wood.” 

As I understand that Mr. Harbottle has commented on the first part of the paper on the life of the 
timber, I will endeavour to contribute my remarks on the latter part. 

In selecting logs particularly suited for ship and yacht building, one is often deceived after they have 
been cut into the required sections, in spite of the external surfaces having proved satisfactory. Internal 
defects are often found, such as shakes or rents and also cavities to the extent of 4 inches by 4 inch 
caused by the Teredo worm whilst the logs are lying in the water. 

Check running in timber logs which are left in the round is of common occurrence in such timber as 
Douglas fir, and pitch pine when exposed to the sun’s rays. It will be noted that these checks or rents 
appear to run in a slightly spiral direction, this being due to the fibre of the tree during its growth being 
attracted always one way by the sun’s rays each day in its travel from Kast to West. I have seen a 
Douglas fir mast 80 inches in diameter, 90 feet in length, truly stepped, in a large four masted fore and 
aft schooner, and on her return from a voyage from Seattle to Sydney and back (during which time she 
lay in the doldrums on the Equator for several days) the fibre of the mast had twisted more than 10° at 
the cross trees from the original position. 

The reason for the lower branches dying off, particularly in firs, thus forming small knots, is chiefly 
due to the exclusion of light during its development, in consequence of the neighbouring trees being so 
close. These small knots do not affect the strength of the timber to any extent. Where small loose 
knots are found in deck planking, these planks in my opinion should not be accepted unless the knots 
come across a beam and a fastening can be introduced in its place, and particularly in yachts, where an 
Owner is entitled to the best of material and workmanship. 

Testing of timber in ship construction is quite unnecessary and would be of little value I agree, but 
when it is used for structural work, such as stringers, ties of Douglas fir for bridge work as in the U.S., 
testing is of considerable value. There, exhaustive tests for modulus of rupture, elasticity and fibre 
stresses are carried out. 

With regard to moisture in trees when felled (green timber), Douglas fir contains a content of 82 
per cent. at 38 lbs. per cubic foot, and when air seasoned it has about 18 per cent. moisture at 34 lbs. per 


18 


cubic foot. This timber will not resist water pressure. I have known water to percolate through a 14 
inch by 14 inch ground fitted at the bottom of a deep tank fitted into the 250 feet wood vessels built on 
the West Coast of Canada. Redwood cedar will resist water, it being of closer fibre and it is used in all 
cases for the making of water pipes where timber is used. 

The seasoning of wood is of the greatest importance, and where this is not adopted trouble or defects 
in many ways will occur as time proceeds. 

Kiln drying is one of the important phases of the lumber manufacture. Some woods are much 
more difficult to kiln dry satisfactorily than others. 

(1). The heat should be carefully regulated, as extremely high temperature causes the wood to 
become brittle. 

(2). The piling should be such as to enable the heat to enter the wood uniformly and the use of 
wide stickers should be avoided. Vertical piling has been the means of eliminating checking and 
warping. 

3) Draughts of outside air and too much ventilation cause the lumber to check and warp. Steam 
baths before drying greatly aid in preventing checking, warping and case hardening. 

The preservation of timber is most essential, otherwise decay will commence sooner or later. 

Creosoting is a good See pn (especially as far as fir is concerned) both by the steaming and 
boiling process, but it would be rather an expensive operation for ship construction. 

From experiments which have been made in the United States, it has been shown that high 
temperatures and high pressures in these treatments are largely responsible for the loss of strength of the 
wood, which under such treatment amounted to as much as 33 to 35 per cent. 

To some of my colleagues the process of creosoting may be known, but to those to whom it is not I 
thought that the following may be of interest :— 

In the boiling process the timber is placed in retorts and is boiled in creosote oil under atmospheric 
pressure for 22 to 24 hours at a temperature of about 280°-260° F. This period is used to season the 
timber and prepare it for receiving the oil after the boiling period. Pressure is applied from zero to 
about 160 lbs. per square inch over a period of 4 to 6 hours at a temperature of about 220° F. By this 
method about 10-14 lbs. of oil per cubic foot is injected into the wood. 

The steaming process applied is about 901bs. per square inch for 4 or 7 hours at a temperature of 
about 330° F. A vacuum of about 20 inches is then applied for about 18 to 20 hours at 220°F. At 
the end of this period creosote oil is introduced and pressure applied from zero to 160 lbs. per square 
inch. This pressure is continued from 2 to 4 hours at a temperature of about 208° F., 10 to 14 lbs. of 
oil per cubic foot being injected by this process. 

There is also the method of boiling under vacuum process, creosote oil being introduced at about 
170° F. and gradually raised to about 190° F. and held at that temperature for about 6 hours, a sufficient 
time to warm the timbers through. A vacuum of 24 to 27 inches is then drawn on the oil still holding 
the temperature of 190° F, This vacuum is drawn through an overhead pipe from the top of the retort 
for about 35 ft. vertically into the air and returned to the condenser, thus preventing the creosote from 
boiling into the condenser. After the seasoning is reached the vacuum is broken and pressure of the oil 
started, which rises as high as 120-135 lbs. per square inch over a period of 5 hours. By this 
process 10 to 14 lbs. of oil per cubic foot may be pressed into the wood. Timber this way receives 
the creosote oil more readily than treated under the boiling process. 

Regarding the salted soft wood vessels referred to, surely Mr. Shaw does not expect to find after a 
few years in commission as much salt between the timbers as he would find in a hard wood “oak” vessel. 
Then again it depends whether it is real “rock salt” or manufactured ; if the latter, it soon melts and 
enters the wood and runs to bilges. In the wood vessels built at Vancouver and Victoria, 60 tons were 
placed between the timbers in each vessel from the holdbeam to waterways. 

I entirely concur with Mr. Shaw that the “specially treated” wood by carbolineum does not 
penetrate the fibre of the wood when applied with a brush, as in this case it was applied chiefly to 
prevent fungi forming on the surface. 

Destruction of timber in vessels by insects is more frequent in warmer climates as I frequently 
found on the Pacific Coast. 

In one motor wood vessel 280 ft. long, which had lain afloat for about nine months after launching, 
on examination in dry dock I found that the keel 24 inches by 24 inches was literally honey-combed by 
the Teredo, their workings extended almost up through the keel. 
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Dry rot in yachts in many instances is due to bad ventilation of the inside of the vessel, this is my 
experience. Air courses cut into linings and ceilings should be cut, particuiarly at the ends and under the 
shelves, so as to admit the greatest amount of air possible. An application of ‘* Formaldehyde” (not a 
very costly commodity) could be applied with excellent results ; it condenses the cells of the wood and 
locks up the vapour, and tends to protect the timber indefinitely. 

Where elm keels are fitted they should be of the “‘rock elm” species ; it is much harder than the 
soft wood broad leaf elm which is more easily procured in this country. 

I do not altogether agree that it is a difficult problem from a surveyor’s standpoint as regards the 
finish of a vessel's deck. Surely no one would expect to have the deck (fir) of an ordinary classed wood 
vessel planked and the seams scraped, as is necessary and done in the case of a yacht’s deck, whether of 
teak or pine. 

In building wood vessels (say especially at the present time) about 250 ft. in length, it would be 
almost impossible to obtain a crooked piece of timber of sufficient length to form the lower part of the 
stem. In such cases I have designed and had built an excellent and efficient forefoot by introducing a 
knee between the fore end of the keel and the bottom part of the stem, backed up with good deadwoods, 
and inner stem thoroughly through bolted. This method was adopted in all the wood Canadian vessels 
during the war period. 

Hogging occurs in all wood vessels, more or less, and I agree with Mr. Shaw that the amount should 
depend on the merit of each ship. The best method I have found to prevent hogging is to build a hogging 
or curved keelson up to the height of the underside of the holdbeams, and gradually curved down 
towards the deadwoods, efficiently fastened and the seams keyed with hard wood about 3 inches square. 
I had built under my survey quite 25 of such vessels, 4000 tons deadweight, twin screw, and no signs of 
hogging occurred. 

Other vessels (Sailers) about 200 ft. long with ordinary 5 or 7 log keelsons, I have found to have 
hogged to an extent of 17 inches, and did not in any way appear to be unseaworthy. Where the hogging 
is not gradual one may expect to find weakness at this part. 

The purpose of designing wood vessels (merchant) with fairly full form at their ends, particularly 
forward, is for buoyancy purposes to counteract the heavy weight of deadwoods, etc., which are introduced 
there. Jf the horn timbers are fitted of sufficient sectional area and well through fastened from side to 
side and into the deadwood so as to admit plenty of plank end fastening reasonably staggered and end 
caulking of same, very little leakage, if any, will be found. 


Mr. C. Hastir. 


That a fundamental knowledge of the physical characteristics and strength of timbers is of primary 
importance and consideration respecting the ultimate success of a wood ship is elucidated by Mr. Shaw 
in his very interesting paper, which will be appreciated and read to good advantage by those colleagues 
whose duties bring them in contact with the survey of wood vessels. 

In respect to the most favourable time for cutting down timber it would be well and reasonable to 
leave theory and accept what practical experience has determined to be the better time, that of the late 
fall or winter season, but not because the sap is down, as is so generally and commonly referred to, for 
it is known there is fully as much sap, if not more, during the winter than the summer, and in reality 
winter cut wood is likely to be heavier. The important consideration in regard to this question is the 
series of circumstances attendant subsequent to the felling. Wood dries by evaporation and inevitably 
shrinks. In summer higher temperatures prevail, and if evaporation proceeds more rapidly on the 
ouside than the inside the greater shrinkage of the outer portion results in many checks, the number and 
size increasing with the degree and inequality of drying. In winter drying proceeds slowly but uniformly, 
allowing the wood elements to adjust themselves with the least amount of rupturing. Also there is less 
danger of sap rot when felled in winter because the fungus does not grow in the very cold weather and 
the lumber has a chance to season below the danger point. All decay as far as known is produced by 
living organisms, either fungi or bacteria. It is authoritatively stated that if logs in each case could be 
cut into lumber immediately after felling, and given exactly the same treatment for example, kiln-dried, 
no difference due to the season of cutting would ensue, 

The stripping of the bark from the tree immediately it is felled, now no longer a universal practice, 
was considered essential years ago, due to the danger of attack by fungi and insects, but also as quite an 
aid in “getting out” the timber when horse teams, etc., were employed for the process. As the 


20 


operation of “ yarding” advanced with the introduction of steam donkeys the timber was moved more 
easily and quickly, and as the distance to collection points in some instances is considerable the retention 
of the bark on the logs is a manifold protection, also logs transported by skidways, and shipped and 
reshipped by rail prior to reaching the mills are liable to abrasive kinds of injury. 

n regard to testing of timber, and if it were possible to cut the test piece from the same log as 
suggested by the author, it would still be as well to save the terrific expense, time and trouble, and 
govern oneself by the established tabulated minimum averages, together with conditions of the timbers, 
as far as what actually could be accomplished, for tests which have been made from even the same short 
bolt, and like bolts have been found to materially differ, also when it has been definitely known that the 
four cardinal points were common to each. 

Douglas fir, of the Pacific Northwest (U.S.A.), is ideally suited for shipbuilding purposes, the trees 
growing commonly from 3 to 5 feet in diameter and 175 to 250 feet in height, leaving no thought 
towards “ scrappy little pieces.” 

Noteworthy and reliable statistics show that its shrinkage under normal conditions from green to 
air dry is 1°51 per cent. radially, 2°36 per cent. tangentially and 0°0091 per cent. longitudinally. Extracts 
from the Government Forest Service Bulletin No. 108 in regard to comparison of average strength 
values for certain structural timbers are appended. 


TABLE I. 
GREEN MATERIAL. 


Knots in stringers tested. 


Relative | Relative 
Fibre Modulus strength | stiffness 


Weight | stress | Modulus based on | based on Vol. I. Vol. II. Vol. Il. 
Bes No. | Rings |yroisture| _ Pee at of it, | modulus | modulus | (See Fig.) (See Fig.) (See Fig.) 
sat of content, | CUb-ft. | elastic | rupture ticit: of of Aes 
test, tests. | inch. “| oven- | limit per ~) | rupture. | elasticity. 
; dry. per sq. in = Douglas | Douglas | Less | 1§ | Less | 14 | Less 1} 
sq. in. 84-10 | fr = 100| fir=100| than in. than in, than in. 
per cent.| percent.| 1g and ri and 14 and 
| in, | over. | in. | over. in, ove. 
Species, In. Percent.| Ibs, Ibs. Ibs. Ibs. Percent. | Per cent. 


Douglas fir) 8x16} 134 | 109 | 31°8 | 28°9 | 4,282 | 6,605 | 1,611 1000 | 1000 | 1:2 |] 05 | 1:7 | O7 | 100 | 33 


12x12 

10X16 | 
ot 8x16 | 13 | 146 | 29-2 | 35-4 | 3,855 | 6437 | 1,466 | 97-4 | 910 | 04 | 02 | 05 | OF | 40 | I 
P 6X16 (12) 

6X10 


8X16 
ee ore 8x14| 33 | 123 | 484 | 31-4 | 3,376 | 5,948 | 1,546 | 90:0 | 960 | O4 | OF1 | OL | OL | 24 | 12 


8x12 (C29) G1) 


Western | 
hemlock} 8x16 27 | 176 | 41°9 | 281 | 3,761 | 5,821 1,489 881 92-4 | O7 | O7 | 15 | Ord 84 | 23 


Loblolly 8x16 | 78 62 | 58:0 | 31:2 | 3,266 | 5,568 | 1,467 84-4 911 | O2 | O2 | O38 | OF 46 0 37 
pine 5x12 (68 (55) | (55) 


Western 8x16 


larch 8x12 43 | 23°9 | 505 | 28:7 | 3,677 | 5,562 | 1,364 84:2 846 | 09 | O2 | 23 | OG | 109 | 13 
8x16 

Redwood 6x12 30 | 195 | 90:2 | 23:3 | 4,323 | 5,327 | 1,202 80°6 746 | 09 | O1 16 | 13 83 | 36 
7X 9 


Tamarack | 6X12 11 167 | 56°9 | 29°3 | 3,231 | 4,984 | 1,268 755 TST OD TO Pre oe 84 | 07 


Norway 
pine 6x12 11 | 13:2 | 52:1 | 25:2 | 2,397 | 3,767 | 1,042 57:0 647 | 25 | 18 | 28 | 25 | 140 | 8&7 


NOTE,—Subscript numbers indicate number of tests when different from that shown in column “ Number of Tests,” 
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TABLE II. 
AIR SEASONED MATERIAL. 


Knots in stringers tested, 
Relative | Relative 
Fibre strength | stiffness 
Modulus | based on | based on Vol. I Vol. IL Vol. III 
Weight t ol. I. ol. IT. ol, ITI, 
Cross No. Rings as, ar . ahs — of modulus | modulus (See Fig.) (See Fig.) (See Fig.) 
nection of per oisture) oub. ft. elastic | rupture Elas- “ of of at $8 acai dd ih. 
under testa. inch. content. oven- limit per ticity rupture. | elasticity. —_—————-- 
test. dry. per sq. in. ‘els ena ve ey Less 1} Less 1h Less 1} 
sq. in. et ies eet: vercent, | than in than i than in 
Us = te sl kha and 14 and 1} and 
in. over, in, over, in, over, 
Species, In. Percent.) lbs, Ibs, Ibs. Ibs. Percent. | Per cent. 
Douglas fir) 8x16 64 | 15:2 | 20°9 | 27:8 | 4,931 7,142 1,641 100°0 | 100°0 | 05 | O1 1:2 | 02 | 12:1 0-9 
Longleat | 8X16 
Ad 5 6X16 7 12:7 21°6 38°6 3,793 5,957 1,720 83°6 104°8 | None | None | None | None | None | None 
isi 6X10 (6) 


Shortleaf 8x16 
‘ 8x14 9 | 123 163 | 321 5,186 | 7,033 | 1,782 98°5 108°6 | None | None | 0°2 | 0°5 28 | 16 
pine 8x12 
Western 
hemlock} 8x16 31 175 | 17:7 | 284 | 4,828 | 7,109 | 1,805 996 | 1100 | 03 | O1 16 | 05 80 | 07 
(30) (30) 
8x16 
Loblolly 6X16 21 65 | 21-1 | 33:1 | 38,706 | 6,259 | 1,521 87:7 92:7 | 0-4 ll | 04 | 08 2°8 | 3:4 
pine 6x10 
8x8 
Western 8x16 
larch 8x12 36 | 23:0 | 182 | 29°8 | 3,904 | 6,534 | 1,561 91°5 95'1 18 | 03 | 32 | 06 | 194 | 16 
8x 16 
Redwood 6x12 12 | 181 17°3 | 22:2 | 3,747 | 4,573 916 64-1 576 | Ol | None | 08 | 03 30 | 13 
7X9 (7) (7) 
Tamarack | 6X12 4 | 166 | 23-4 | 30°8 | 3,643 | 5,865 | 1,385 82°3 84:4 | 1°8 | None | 0°8 | None | 18:0 | 05 
Norway 
pine 6x12 4 78 | 17:0 | 26:4 | 2,928 | 5,255 | 1,103 73°7 672 | 35 16 | 28 | 05 | 175 | 98 


NoOTE.—Subseript numbers indicate number of tests when different from that shown in column “ Number of Tests.” 


Divisions of stringer into volumes for consideration of positions of knots—Tables I. and II. 
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Preservation is most essential and in the construction of certain kinds of ships precaution in the form 
of a preservative is generally exercised. The author’s reference to “ salting,” though somewhat humorous, 
in my opinion is very good and I think most modern shipbuilders and owners are mutually agreed and 
prefer mercurial, carbolineum, creosote or other similar preservatives, and it must be borne in mind that 
ventilation guarding against stagnant air and other detriments is most important. 


The debility in regard to horn timber and planking referred to in the paper has not been 
encountered during my experience embracing power vessels which often have towed sailing ships or large 
barges on long voyages and I am of the opinion that a great deal depends upon the type of stern, 
eliptical, fantail, transom, parabolic, etc. The transom stern greatly favoured by certain builders though 
somewhat ungainly can be made very neat, has many real advantages besides being simple to construct, 
is easily repaired in case of damage and not so susceptible to the condition cited by the author. 


Referring to the repair mentioned I take it that the vessel is of very moderate dimensions, of light 
scantling, with steamer stern and in the circumstances although the steel plate was considered most 
efficient for the particular case it is not I believe a procedure meeting with much favour, The covering 
by steel plates of disturbed external structures, bearing in mind preservation, is but a step generally 
resulting later in a more aggravated condition, the outside of a vessel being different to that of the inside. 


The fastenings are most important and sometimes quite a lot of trouble is attributable to caulking 
having been avoided and let us note well that caulking primarily is certainly intended to more than 
merely keep a wood ship water-tight. 


During the emergency period the problem of overcoming the inherent weaknesses of wood ship 
construction was the object of close study when quite a number of vessels for deep sea service reached 
dimensions exceeding 300 feet in length. These were very different to the conventional type of some 30 
years ago when the factor of hogging definitely presented itself. It is understood that in endeavouring to 
prevent hogging it is necessary to concentrate the greater strength as far from the neutral axis as possible, 
and it is encouraging to note how modern wood vessels moulded on lines of rectangular steel ships having 
no particular dead rise, and little, if any tumble home, making for a rounded strength construction are 
holding their field. In vessels of moderate size the fitting of steel plate ties, longitudinal and 
diagonal in way of and under the upper deck, also heavy shelf and keelson construction all helping the 
sides to withstand the permanent vertical and longitudinal stresses are proving a good counteraction to 
hogging. 

In conclusion, I would say that lignum vite is the best servant ever, but like other good things it is 
often abused and with due consideration to its staunch adherents it would appear that practical minds 
governing the better types of vessels and who are called upon to deal with “trouble aft” are gradually 
leaving it alone to save dire results from the breaking of bolts in after couplings and mysteriously 
damaged tailshafts, ete. 
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REPLY BY THE AUTHOR. 


The discussion has focussed attention on many of the problems mentioned in the paper, and I extend 
to those members who have made contributions to it my best thanks. To survey a wood ship in a 
satisfactory manner necessitates the study of a number of subjects, and as these have been embodied in 
the paper, suggestions have been made as to how the title might have been altered to includesame. The 
subjects referred to, however, are all embodied in the Society’s Rules, the title of which is “ For the 
Building and Classification of Wood Vessels.” In these Rules a table is entirely devoted to a description 
of the timber that can be used, and also the number of years to be assigned to the different descriptions 
of timber. The Rules also stipulate that the timber has to be properly seasoned, and free from defects, 
sapwood and decayed knots, and the requirements for salting are also described. It is therefore assumed 
that a Surveyor who is entrusted with the survey of a wood vessel has had an extended experience of the 
timber itself, the examination of which takes up a large portion of his time, 


Unfortunately, owing to the restricted number of wood vessels now being built, very few people 
study either the timber or the diseases that infect it, for the reason brought forward by a few members 
now, 7.¢., to treat it as another subject, call it anything but the survey of wood vessels, and finally to 
leave the responsibility of the quality of the timber to the builder. 


Our colleagues who were responsible for the framing of the Rules for Wood Vessels were quite 
justified in devoting a large portion of them to the subject of the timber, as they fully realised that, in 
the survey of a wood vessel, it is necessary to acquire a knowledge of the different timbers, and also that 
it has to be tested and approved by the Surveyor at the shipyard. This work is becoming more difficult 
each year owing to the importation to this country of different qualities of timber, and to the different 
systems of artificially seasoning same, and as a consequence the trouble that is experienced on a new 
vessel does not arise from faulty construction but on account of the timber employed. 


Mr. Blocksidge has made a very interesting contribution to the discussion and, as he is reading a 
paper next session on Timber, I think it wel! to state that I had no knowledge of this when my paper 
was being written. As the paper now under discussion was the first on the survey of wood ships, it 
occurred to me that if an outline of the whole subject were made and a general discussion created on it, 
there would be ample material for a number of papers to be written on any one of the subjects to which 
I have briefly referred. 


The theory that dry rot spores are some lower form of primeval organism like seaweed, as referred 
to by Mr. Townshend, is based on the formation of the independent cell thread which is called Hypha, 
which grows in a similar manner to some forms of seaweed. From the Hypha or tube a filament spreads 
gue which also resembles seaweed and this parasitical filament seeks round for other hosts from which to 
feed. 


With reference to Mr. Townshend’s question about dry rot and cement, there are two schools of 
thought, and in order to deal with the subject from a disinterested view one must learn from both. 


The one school admits that the filament already referred to will grow up through the small openings 
in the cement, but that the chances of the spores or seeds falling down through the openings in the 
cement and growing is very improbable. 


They therefore contend that if a vessel is built with healthy seasoned timber, free from dry rot and 
other diseases, and the wood is covered with cement, even although dry rot spores are blown on board, 
they will not get at the wood. 


The other school contends, and I think rightly, that as nothing will prevent the dry rot spores 
alighting on the parts of the timber that are not protected, they will soon germinate, and owing to the 
wood under the cement forming an ideal condition for growth the filament will very quickly spread and 
grow into it. It was a common practice at one time to fit cement between the floors of wood vessels 
to prevent hogging, but for the reason stated this was given up, 


Timber should never be covered up with a substance like cement, which does not adhere properly, 
for between the two there is a damp stagnant space, which is detrimental to the timber, 
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With reference to Mr. Akester’s question about the relative penetration of creosote, the position is, 
that each firm, whose business it is to impregnate timber, make certain claims for their own methods 
and justify their system by showing how much of the chemical substance the timber will take up. One 
knows, however, that owing to the formation of the cells the end wood will take up more of the 
preserving substance than the side wood. The part that has the least preserving substance in it is 
therefore at the half length of the log and the question that arises is when the log is finally cut to sha 
and fitted on the vessel, whether the substance has entirely disappeared from this part. One of the 
authorities on the impregnation of timber, with whom I have discussed the subject, and who owns one 
of the largest works in this country, told me that the only way to deal with timber for ship work was to 
cut it to the required shape and then have it impregnated and sent back to the yard. To find out the 
relative penetration one has to treat a piece of timber, saw it through the half length, and examine it to 
see how far the substance had penetrated into the wood at this part. This is easily done, and one can 
tabulate the information, but as red pine will take up more of the preserving material than pitch pine, 
what is really wanted is :— 


A list of the approved firms who impregnate timber. 
A description of the different timbers. 


A table showing the depth of the impregnation of each firm’s preserving material into the 
different timbers. 


To make a genera] statement about the penetration of creosote without comparisons as to the 
extent of it in different qualities of wood would be a mistake. 

The case that Mr. Akester quotes of a barquentine 250 feet long, which was sagged and then 
developed a hog of two feet, is interesting, but with so little information available it is difficult to offer 
an explanation as to the cause. 

The fact of a wood vessel having to be dry docked after fitting out leads one to the conclusion that 
something untoward had occurred. Presumably the vessel was built with nine inches of sag, so that 
after launching and fitting out it was intended that the keel would be level and this would only leave the 
two feet of hog to be accounted for. It therefore seems reasonable to assume that the vessel was badly 
launched, for if the cradle on the sliding ways was too short the vessel would readily break out the 
nine inches of sag and develop a hog in launching. A new wood vessel, while fitting out in light 
condition with a slight hog at the time of launching, would in a very short time develop a considerable 
hog. Wood vessels change their form both longitudinally and transversely much more readily than 
steel vessels, and it is quite a usual practice when a vessel is laid up to place some ballast amidships in 
order to remove or prevent hogging. I have carefully examined a heavily built vessel, with a 24 inch 
oak keel and 5 inch teak planking, before launching, and although the butts of the rail were all close 
they were badly opened out after launching. 

Launching is more of a science now than it was in the days when only wood vessels were built and 
a good deal of interesting information is available which has been taken from vessels which have stopped 
on the ways. One case on record, which agrees with the two feet of hog that Mr. Akester mentions, was 
that of a wood line of battle ship which stopped on the ways with 64 feet of the after end unsupported. 
In this case the stern of the vessel dropped two feet in fourteen days. 

In America I have seen strongly built wood vessels that were badly hogged and, in contrast to this, 
light built vessels of about the same length built on the mast and guy system, where guys fastened to 
the top of a superstructure on each side of the vessel were ended at the deck level, at the forward and 
aft ends, and this arrangement kept the vessel from hogging. Now if the latter type had hogged one 
fourth of the amount of the former, they would not have been fit for use, and from this one might 
reasonably deduce that length and strength are only two of the many factors to be considered in discuss- 
ing hogging. A wood paddle vessel with full ends might very soon develop a sag instead of a hog. I 
would therefore prefer to be considered cautious, as referred to by Mr. Akester, rather than lacking in 
principle, and after all that I have stated in the paper he can hardly expect me to express an opinion on 
the hog of a hypothetical vessel, about which, owing to his caution, [ am entrusted with no more inform- 
ation than the length. 

With reference to Mr. Edgar’s question about distinguishing the different families of trees, one can 
readily make a distinction from the bark or leaves, but as these are removed before a Surveyor sees the log 
it is the timber he has to deal with. A Surveyor usually sees the timber for the first time when it is 
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being cut to the necessary shape by a shipwright. Taking the simplest forms of structure he can readily 
distinguish between an oak and pine as the cells are entirely different. If a study is made of the cell 
formation of these two timbers it enables one to classify the other woods where the structure is not so 
clearly defined. In each of the two types, however, there are different genus or families and one has te 
distinguish between the families which have in many cases a similar structural formation. 


The families are divided into different species and this is a much more difficult problem than 
dividing the families, as there are about 25 species of oak and about 380 species of pine. 


The next division is one on which a number of papers might be devoted to itself, but briefly it is 
that from the inside of the sapwood on a tree to about one-third of the distance in, the wood is usually 
free from blemish, with a good grain and free from knots ; this is known as first quality timber. In the 
paper, I suggested visualising the tree as a sapling and if one does this from about one-third of the 
distance referred to, on to the centre more knots are found, and mostly on the sides of the tree 
exposed to the light, the grain is coarser and the wood is often too mature ; this is called second quality, 
and there are even third and fourth qualities. Some of the lowest qualities of timber in this country at 
present have the appearance of quite good pine, but they are no use for shipbuilding purposes as the trees 
from which they have been taken have been tapped at different times and the resin extracted. A Surveyor 
is entitled to see that the wood is sound and that the log is being properly cut up to give a good quality 
timber for decks, insulated holds, etc., bat in wood vessels care must also be taken that the centre portion 
of the log referred t» is suitable for the work for which it is intended. 


There is no quick method that I know of to gain experience with the stages 1 have described unless 
one is willing to study the first principles, and even although some of the distinctions mentioned are 
apparent to the naked eye it is preferable to use a microscope as its use is entirely necessary in order to 
distinguish the different species. 


The carbon fixation or breathing carbon dioxide and exhaling oxygen, as mentioned in the paper, 
only applies to special cells, when the sun shines on the leaves, this is, however, the principal function as 
much more carbon is assimilated by the tree than that which is lost. Ina lesser degree the respiration or 
absorption of oxygen and the giving out of carbon dioxide is going on night and day as in animal life. It 
is owing to the absorption of carbon dioxide being entirely stopped at night, and the absorption of oxygen 
going on as usual that constitutes the process of reversal. 


With reference to the question of nitrogen in solution the soil is the store house for all plant food, 
but the food can only be assimilated when it is in solution. No solid particle can pass through the root 
hairs and this is the only way in which a plant feeds. Atmospheric nitrogen, however, although it is 
soluble in water, does not form the food of plant life. 


In a young tree the relative width of sapwood is greater than in a full grown tree, and generally in 
a tree that has a great girth the sapwood is proportionately narrower than that of a tree with a smaller 
girth, the increased circumference of the one accounting for the sectional area in each case being about the 
same, The maximum sapwood I have seen taken from a log is two inches and the minimum half inch. 


Oak and most timbers in use for shipbuilding purposes have sapwood. There are timbers, however, 
such as in Greenheart, where it is difficult to trace the distinction between heart-wood and sapwood, unless 
by the worm holes which extend into the sapwood about half inch and not into the heart-wood. 

The testing of timber on account of cup or ring shakes is carried out by hammering the log for any 
sound as if reverberating from a cavity and if the log is well hammered the sound will reveal to one who 
is familiar with timber whether the log is sound or not. To cut away the surface would not prove 
anything, and to drill holes in wood is not permissible as it seriously decreases its value. 


Wood conducts sound in such an accurate manner that with all the advancement in Otological science 
it is still used for testing the sense of hearing. A piece of calibrated wood is used for the purpose and by 
moving a watch along it an indication is given of the scope of one’s hearing by the sound of the tick. In 
a similar way a spar caa be tested by placing a watch on the one end and, if the spar is sound, the tick of 
the watch can be heard at the other end. ‘ 


With reference to Mr, Edgar's remarks about the testing of timber for simple calculations, I agree 
that if the factor of safety in the calculation is made greater than the possible margin of difference in 
the species of wood one is dealing with, the use of the test is of some practical value. When in America, 
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where possibly more information is available than in any other country about the testing of timber, I 
was on friendly terms with a naval architect who balanced science and practice for these simple calcula- 
tions. Using his slide rule to obtain certain scantlings, he tabulated Shem and then, holding his thumb 
on the different figures of a foot rule, he altered each one to that which pleased his eye. For simple 
calculation the slide rule and rule of thumb method is quite satisfactory. In dealing with wood scant- 
lings, however, it is astonishing, if the eye is trained to the work, how accurately one can arrive at, say, 
the size of a beam without any calculation. 


With regard to water seasoning, all vegetable matter when deprived of life have substances in them 
which decompose and their putrefaction is attended by the discharge of gases. It is therefore advisable, 
as far as possible, to get rid of these substances that decompose and affect the sound timber, and although 
it may be seasoned by air the residue from the gases are to a great extent left in the wood. When a log 
of timber is immersed in water (preferably salt) the presence of the water intensifies the putrefaction 
and at the same time the pressure of the water drives out the gases. As air is excluded from the timber 
all fungoid parasites are killed, and in time there is nothing left in the log but the fibrous tissue, resin, 
and other substances that make for good timber. When a log is landed after being submerged, the 
water readily flows from it, and the log is then seasoned by air in the usual way, the time occupied 
varying with the bulk and quality of the timber. 


The next answer is in sequence to the previous one, as if dry rot is developing in timber and air is 
excluded the dry rot will die out, as it is a lower form of plant life and to live it must have oxygen. It 
is a common practice, when dry rot has established itself, to cover over the timber with some substance 
to try and destroy the parasites by want of air, but in dealing with the cell life of wood this is well nigh 
impossible, as the air finds its way from one piece of timber to another. Once the reproducing germ 
starts to grow on a wood vessel, and the filament enters the wood (on account of solvents secreted in 
them about which it is not necessary to go into detail) in my opinion the dry rot cannot be stopped 
through lack of air. One of my reasons for dealing at such length with the cell formation in timber 
was to make this quite clear. 


There are two ways to deal with dry rot; the first is to cut out all the infected planks or, secondly, if 
the dry rot is not too firmly established in the wood, to kill it with chemicals. Were it practicable to 
submerge a vessel infected with dry rot this would kill any spores growing inside the timber. 


The problem is therefore how to keep the timber of a vessel in such a healthy condition that it can 
resist the fungus attacking it, and the most satisfactory way to do this is to have a free circulation of 
air, thereby keeping the timber dry on the hold side, so that the spore or reproducing germ cannot 
germinate, as it requires a damp stagnant air to do this. 


A good current of air also prevents wet rot, which, although not a fungus, is very prevalent on vessels 
that are laid up during the winter months. In order to keep the timber as dry as possible until the 
planking and decks are caulked, as many wood vessels as possible are built under a shed. 


To increase the sectional area of the keelson as proposed in the paper, the timber is fitted at the sides 
of the keelson forming sister keelsons. The locking effect is brought about by cleaning the original 
keelson up with an adze, leaving all of the irregularities on it and then fitting the new timber into these 
forming a rough tenon. Of course additional bolting has to be arranged. 


If a vessel two hundred and fifty feet long, as described by Mr. Edgar, has a hog of 24 
inches I certainly think that a Surveyor should recommend that the vessel be additionally strengthened. 
Ona similar vessel to the one described, on which Mr. Edgar and I held a joint survey, the hog amounted 
to 104 inches. In this case some of the deck beams had broken when the vessel was at sea, in a loaded 
agregar As well as repairing the beams, the owner had arranged for additional stanchions to be fitted 
in the hold. 


It is usual to camber the blocks to suit the hog before a vessel is placed in dry dock, but the camber 
of the blocks should never be more than that of the ship, and as a consequence they have generally a little 
less. A very satisfactory arrangement is for a diver to fit the keel blocks when the vessel is touching the end 
block, but still water borne. The most satisfactory way to find outif a sailing vessel has been hogged and 
then sagged is to examine the stays of the lower rigging, the upper rail, or a gangway from the deck- 
houses to the poop or forecastle. On a steamer, if the derricks are examined in way of the crutches the 
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marks on the derricks usually reveal any change of position. I agree with Mr. Edgar that on the hulk 
the evidence of hogging and then sagging might be misleading but the ends of the deck planking between 
the hatches or masts usually give an indication if anything of the kind has happened. Even with this 
evidence, however, in making a report, one would only refer to the condition as “stated to have been 
hogged and then sagged” as described in the paper. 


Some originality was shown by the President in his presidential address when, instead of giving the 
paper its proper title, he referred to it as timber, its growth, development and uses. On account of this 
the President’s contribution to the discussion was looked forward to with interest, as it was expected that 
he would give some indications as to how a Surveyor could readily distinguish the differences in timber, 
etc., without the preliminary work as described in the paper. 


Iam glad the President has called attention to that part of the paper which deals with the valuable 
services timber has given us. With reference to his remarks regarding the consideration that should be 
given as to whether we have advanced so far along the lines of progress as we are inclined to think, this 
was a thought which I hoped the paper would bring forth. 


It has to be borne in mind that the manufactural progress of a country acts as a deterrent to the 
progress and production of good timber, and that although it is generally admitted that a great advance- 
ment has been made in the study of forestry, there is in this country, at the present time, only a limited 
supply of good timber for shipbuilding purposes. On account of this, there is a large quantity of 
imported timber which necessitates a careful study of the subject by those who have to make decisions 
as to its quality. 


Since the paper was read, further confirmation has been given of my statement regarding the 
shortage of timber. 


At the 18th Meeting of the Imperial Conference, a report of the Forestry Sub-Committee was read, 
in which it was stated that: “The outlook with regard to the world’s supply of softwood, which 
constitutes about 80 per cent, of the wood used for industrial purposes, is distinctly unsatisfactory. The 
outlook with regard to the hardwood of temperate countries is also unsatisfactory, but it will no doubt 
be possible to supplement that supply to some extent by having recourse to tropical hardwoods.” 


When a warning is given from a reliable source like this, those of us whose duty it is to see that the 
timber is satisfactory, have to study the subject in order that the standard required by the Rules is 
maintained. 


The President, along with the others who have taken part in the discussion, has laid emphasis on 
the trouble that arises on account of the diseases which timber is liable to, which is an important matter, 
as very valuable services can be rendered to the owner of a wood vessel if a surveyor fully realises its 
importance. 


The President raises a question about the error of judgment in surveying a wood vessel if one is not 
acquainted with the comparative anatomy of plant life, and surveyors being held responsible for failure 
for which they are entirely blameless. 


Dealing first with the error of judgment, if a surveyor does make a mistake either in the survey of a 
new wood yessel by accepting inferior timber to those which are permitted by the Rules, or in the survey 
of an old vessel by reporting that the timber is sound, whereas a few months later extensive dry rot is 
found in it, he is held responsible whether he has studied botany or not. 


The thought of being held responsible for anything soon disappears if one has the assurance of mind 
that he knows his work, and this can only be brought about by knowing at least the first principles of 
the subject. This was my one and only reason for devoting so much of the paper to the subject of 
timber, as in my opinion the error of judgment referred to could be avoided. 


As to the method of studying the subject one cannot dogmatise, and if the President, with his 
directional faculty, knows of a more satisfactory way of dealing with it, he might have briefly indicated 
what it is, for, in my opinion, unless a study is made of the subject by the surveyor under whose 
supervision the vessel is being constructed, it is useless to survey for classification, and leave an important 
matter like this to the care of the shipbuilder. 
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My experience when working as an apprentice and a shipwright was, that one does not acquire 
sufficient knowledge about the structure of the wood to obviate the error of judgment referred to by the 
President, and I therefore made up my mind to study the subject botanically. Botany is a subject that 
is now taught in most schools as part of one’s education. It would, therefore, seem reasonable that, one 
having to make decisions as to the quality of timber, should acquire a knowledge of it. 


A study of botany enables one to fully appreciate the fact that certain timbers contain acids which 
are detrimental to metals, and that provision has to be made for suitable protective materials to be fitted 
between these woods and the steel in a composite vessel. It is also necessary to have a knowledge of 
botany before one can study the diseases of timber, the artificial systems of seasoning it, and the different 
processes of preserving it with chemical impregnations. 


In connection with the treatment for the preservation of timber, the President points out that we 
have advanced in knowledge since the time he joined the Society at Newcastle, and that vessels built 
with timber treated by certain firms may now be classed without a reduction in the term of years. It is 
to be regretted that the President, after making this statement, did not give some indication as to what 
the advancement amounted to during the period to which he refers. The preservation of timber is a 
subject that has been studied for generations, and it is one of the oldest of industries, and, in comparison 
with what is known about it now, it is considered by many to be a lost art. 


The earliest preservation is found in nature in fossilized trees, and we are also indebted to amber for 
preserving different forms of fossilized animal life. The means of preserving both wood and cloth, 
however, were well known in ancient times, and coming down through the ages to the present century, 
we find that most of the processes now in use were known long before the time that the President refers 
to. If he means that investigations are now being made into the different methods of preserving timber, 
in order to arrive at a decision as to which can be accepted for wood vessels, to entitle them to the 
reduction in the term of years, I am sure that the results of the investigations will be looked forward to 
with the greatest of interest. by the Members of the Association. 


With reference to the statement that the figures given in the paper for the relative strength of 
timber, with and across the grain seem large, the figures given are for direct tension as stated in the 
paper; one figure is a good deal lower, and the other slightly higher, than those which are given in a 
paper which is embodied in the proceedings of the American Society for testing materials. In dealing 
with timber, one has to bear in mind the various families in tree life,and the varying qualities of timber 
they produce. The moisture content also has an effect on the test, so it is readily understood how the 
results of different authorities vary. 


Regarding the steel plates to prevent hogging at the forward end of a bridge deck, the paper refers 
to local stresses, so that the area of the steel plates used must necessarily be small. This form of repair 
at the ends of a bridge has been carried out on wood vessels, within recent years, with very satisfactory 
results. Iron plate riders, or diagoaul iron plates, to resist hogging stresses, were fitted in both naval 
and merchant vessels many years ago. 


Reference is made regarding the different sizes of bolts in the planking, and I suggest that were it 
possible to build a vessel with all of the bolts of the same size, and all of the shipwrights were using the 
same size of auger, it is reasonable to assume that there would be fewer bolts fitted in the wrong holes, 
than would be the case if there were four sizes of bolts and four sizes of augers in use. 


As the number and sizes of holes are increased or diminished, so the ratio of bolts in wrong holes 
will vary, and I do not agree that it is just as likely to occur when the bolts are of uniform diameter as 
when they vary. 


This applies particularly to composite vessels when a bolt hole in the planking is not concentric 
with a hole ina frame. A workman can then do one of three things; take a risk of stripping the 
thread of the bolt on the steel frame ; fairing up the hole in the planking ; or fitting a smaller bolt so 
as to clear the steel frame. If a number of different sizes of bolts are available, the latter course is 
very easily carried out. 


Mr. Harbottle, describing one of Professor Percival’s illustrations to demonstrate the osmosis of 
plant life, concludes his remarks by stating “and not quite the same as the bladder which is only used as 
an illustration,” After describing his illustration, Professor Percival concludes as follows: ‘ The 
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osmotic properties of a plant cell are, however, not the same as those of a bladder,” and then Professor 
Percival goes on at some length to explain the reasons why the illustration is different. 

Mr. Harbottle then refers to the part of the paper dealing with nitrogen, which is the most 
plentiful constituent of the air, having no effect on tree life as a printer’s error and states: ‘“ They 
(Maze and Golding) also showed that nodule bacteria in pure cultures apart from leguminous plants 
(namely, oak, beech, etc.), are able to fix and utilise free nitrogen of the atmosphere.” 


Professor Percival on the same subject, states as follows: ‘Maze and Golding have shown that the 
nodule bacteria are able to assimilate the free nitrogen of the air to a limited extent when grown in pure 
cultures apart from the leguminous plant.” This means that bacteria in the soil can utilise free nitrogen 
from the atmosphere to a limited extent but that trees and plants cannot do so. If the statement in the 
paper is so palpably wrong that it has to be referred to as a printer’s error, it is difficult to understand why 
Mr. Harbottle has to quote extracts from different books about bacteria in the soil. Nearly all Botanical 
Books make it quite clear that atmospheric nitrogen cannot be utilised by green plants. 


In Strasburgher’s Text Book on Botany occurs the following :—‘‘Since a green plant obtains its 
carbon from carbon dioxide which is only present in a very small proportion in the air, it might be 
assumed that the enormous supply of nitrogen in the air would form the primary and the best source of 
this element of plant food. Every water culture, however, shows clearly that atmospheric nitrogen 
cannot be utilised by the typical green plant.” 

In Julius Sach’s Text Book of Botany occurs the following :—* It is, on the other hand, certain from 
a greab number of experiments on vegetation, especially those of Bossingault, that plants have no power of 
using the free nitrogen of the atmosphere for the production of their nitrogenous compounds.” 


The nitrogenous compounds referred to are supplied to a tree in a predigested form in nitric acid, 
nitrates and other foods which, without going into detail, I referred to in the paper as feeding a tree 
through its roots. The compounds are composed of ultra microscopic creatures in nodules, manures, 
bacteria etc., and the form that is most generally known is brought about through decomposed animal 
matter. When an animal dies and its body is buried in close proximity to the roots of a tree, the body is 
attacked by bacteria and on account of these, the animal matter is decomposed and formed into free 
nitrogen and nitrates; the free nitrogen escapes into the air leaving the nitrates which supply the tree 
with a part of its food. 

Mr. Harbottle takes exception to the statement that it is a waste of time for any one to consider 
why dry rot starts in a vessel and then refers to presumably the most favourable case that he knows of 
to prove that it is not a waste of time. In the illustration referred to, he states that an eminent 
bacteriologist, after examining a piece of timber taken from a yacht, stated that the timber was probably 
affected with dry rot before being placed in the vessel. If, however, an eminent bacteriologist, after 
examining a piece of timber, can only express an opinion that probably it was affected with dry rot before 
being placed on a yacht, it is surely a waste of time to pursue the subject further, as the other proba- 
bilities would fill a book. 


The problem is to find out if any one with any degree of certainty can tell whether a spore sj of 
an inch in diameter started to grow in a piece of timber before it was fitted in a vessel, or when the 
vessel was building, fitting out, in commission, or laid up, always remembering that the spore may either 
start to grow whenever it enters the wood or that it may be dormant for years and then start to grow. 

In a lecture delivered by Professor Perey Groom, M.A., D.Sc., F.1.8., on dry rot, he states that :— 

“To illustrate the prolific nature of these fungi and their powers of spreading spores that can cause 
infection of distant wood, I will mention that one individual plant of Merulius Lacrymans, which is 
responsible for the worst form of dry rot, can, in a few minutes, throw out a number of spores sufficient 
to wreck the woodwork in the buildings of all London and even of all Great Britain within a few years. 
For it has been calculated that one square metre of its fruit surface, when active, ejects 500,000,000 
1 apd 10 minutes, and each spore is capable of producing a new individual that can run through a 

ouse. 

On account of the endless distribution of the source of supply described, there is nothing so baffling 
as the beginning of plant life, except when sown by manual labour, and it is for each one to consider 


carefully whether to admit the uncertainty of the subject rather than to convert a problematic opinion 
into a statement of fact. 
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Mr. Harbottle states that dry rot (Merulius Lacrymans) dies out at a temperature of 100° Fahrenheit, 
and that it will not grow in a fairly hot temperature, as stated in the paper. The word “hot” is used 
by botanists in matters relating to plant life as in hothouse, hot frame and hotbed, and very few people 
would take it in a botanical sense, especially qualified by the word “ fairly,” to mean anything more than 
100° of Fahrenheit. 


It is generally considered that in dealing with a fungus which readily adapts itself to different 
conditions that the use of flexible terms is preferable to making a definite statement that it lives or dies 
ab certain temperatures. A fungus that will live at 90° Fahrenheit inside and protected from the varying 
temperatures by its host will live in any part of a wood vessel, and I intentionally drew attention to the 
long range of temperatures through which it will grow from freezing point to fairly hot temperatures, as 
it is found in vessels carrying refrigerated cargoes as well as on vessels trading to warm climates. 


In describing dry rot attention is frequently drawn to the hot temperature in which it will grow. 


Mr. A. Murray, who was at one time a shipbuilder on the Thames, and contributed articles on wood 
to the Encyclopedia Britannica, in his well known book on shipbuilding, in describing dry rot, writes as 
follows :—‘* It may be especially looked for in ships sent to a warm climate immediately after their 
construction and exposed to high temperatures, and of its attacking these many instances have occurred 
even within the last few years.” 


Referring to Mr. Lowson’s question about plaster and timber, the plaster does not seem to have any 
effect on the timber as a preserving agent, nor is it detrimental to it. 


Mr. Lowson’s proposal to “try it on” with an owner would not commend itself to many Surveyors, 
as there is no occasion to do anything of the kind. If one studies the structure of the timber he can 
explain the reason why water percolates into the wood when a vessel is launched, and also why salt has a 
beneficial effect on the wood, and after a satisfactory explanation, there is no reason to assume that an 
owner is going to disbelieve him. Within the last few days I have been asked by a yacht builder to let 
him have a note of the amount of water the wood will take up after launching, so that he can allow for 
this in one of his calculations... That wood immersed in water has at least some water in it is common 
knowledge, and it does not follow that the water has to penetrate right through the planking of a vessel, 
as it may enter through the skin of the planking and travel behind the caulking, through the seam, 
and trickle down inside. 


That there is a real difficulty in obtaining good timber in this country at the present time can be 
confirmed by reading the reports of the Forestry Sub-Committee already referred to in my reply to the 
discussion. 


Caulking and painting would not make the timber air-tight in the yacht Mr. Lowson describes. If 
the planking was so open at the seams that it could be caulked, there would be innumerable openings 
through which air could pass. The painting and caulking, however, would cause darkness and stagnation 
of the air in the timber and thereby create a better environment than before for the dry rot to flourish. 
lt is difficult to explain without going into detail what the effect of darkness and stagnation have on 
fungi, but, briefly, the stagnation changes the chemical constitution of the air, and this change is more 
congenial to it than fresh air. As stated in the paper we can compare it with mouldiness, of which we 
know that if a cupboard is shut up and kept dark, it spreads more quickly than it would in a well 
ventilated one. 


I have endeavoured to get corroborative evidence of Mr. Lowson’s statement that in olden times 
every mast had a hole bored at the mast head and oil was filled in weekly until it was found coming out at 
the heel. As reference is made in the paper showing the close affinity between man and plant life, I hope 
that there is no confusion between the one and the other concerning this excessive lubrication, which 
appears to have been very much overdone in the olden times referred to. 


It is not a mock keel to which reference is made in the paper to prevent hogging but to increase the 
sides of the keelson. 


The construction of a wood vessel should not be extended over too long a period, as it is better to 
get the planking and deck fitted in the summer months, so that the timber and other scantlings are not 
getting wet and dried alternately, as happens in the winter months. 
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Mr. Lowson favours the use of the sense of taste to distinguish between chestnut and oak, but I 
took it, that in the part of his contribution where he says it may be in order, he rather depreciated the 
use of the sense of smell and taste in connection with wood. 


Red pine, like most other woods, would last longer if fitted on a vessel which was left continuously 
in salt water, but no chemical action would be set up in the wood if it were used alternately in fresh and 
salt water. A vessel, however, sailing in a shallow river, might get the planking impregnated with acids, 
and, if the vessel was taken into salt water, the combination of the acids and the salt might prove 
detrimental to the wood. 


With reference to Mr. Collings statement about salt in soft wood vessels, | have made no comparison 
in the paper between oak vessels and soft wood vessels, or between rock and manufactured salt. The 
view that I hold is, that it is quite a waste of money to fit salt between the timbers of soft wood vessels 
built with unseasoned timber, as in some of these I have seen the planking seams opened out as much as 
& inch on a new vessel. In order to substantiate this, made a statement of fact that, on examining 
ten soft wood vessels shortly after completion, very little salt was in evidence owing to the vessels being 
built with unseasoned timber. 


Mr. Collings explains that “the owner is entitled to the best of material and workmanship in the 
deck of a yacht, and later refers to the finish as is necessary and done in the case of a yacht’s deck.” 
If Mr. Collings refers to the paper he will see from the hypothetical case that I quote that, in some 
cases, the trouble has been to get this standard of workmanship for the decks of yachts to be in 
accordance with what he himself agrees is necessary. 


There have been at least two other cases, as well as one that I had myself, where an owner 
placed a contract with a firm who had very little experience of yacht work. In each case the 
owner expected that the classification rules and regulations would bring the decks and workmanship 
generally up to yacht standard, although the contract had been taken at a price that did not permit of 
this being done. It was on account of this that I referred in the paper to the dissimilarity of practice 
in building wood vessels. 


With reference to Mr. Hastie’s statement about the trees on the Pacific Coast being suitable for 
shipbuilding purposes, and five feet in diameter, and there being no need to fit scrappy little pieces of 
timber in the vessels built in that district. This abundance of timber does not obviate the necessity of 
getting quantities of suitable crooked pieces with the grain the right way. I have surveyed vessels of 
full form, which have been built in the district he refers to, and the dead woods were not made up in one 
solid piece of timber but with a combination of crooked knees and increased deadwood. 
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COMBINED STRESSES. 


Reap 10TH November, 1926. 


Cases of combined stresses are f requently met with in engineering design but a general knowledge of 
the behaviour of materials under such conditions has not yet reached a satisfactory state. Much good 
work, however, has been accomplished by various investigators and in particular by the Committee formed 
by the British Association to report on “Certain of the More Complex Stress Distributions in Engineering 
Materials.” 


The mathematical theory of elasticity makes it possible to compute stresses and strains with 
considerable accuracy but such results only hold true within the limits of elasticity, and while it may be 
useful to know the value of the stress on any structure what the engineer most requires to know is its 
factor of safety. Careful judgment is needed in fixing a factor of safety which varies according to the 
nature of the stresses, whether constant, variable or alternating. Very often the factor of safety has been 
ascertained by comparing the working and breaking strength in actual cases of machines which have 
proved satisfactory, but with the demand for increasing lightness of construction required in some branches 
of engineering practice it is to be remembered that the fault of using more material than is necessary is 
almost as great as that of using too little, 


In other cases the elastic limit has been taken as a basis for fixing factors of safety or working 
stresses, and a material is said to have “failed” when it has been stressed beyond the elastic limit and 


oe set has taken place. The elastic limit, however, is not a well defined’ point and some materials 
ave no elastic range, 


In the case of steel the yield point has generally been taken instead of the elastic limit which involves 
very little error. There are, however, many effects which tend to mask the accurate determination of 
elastic limit, limit of proportionality and yield point, such as (a) grain size, (b) internal stress, (¢) effect of 
free surfaces, (d) lack of isotropy, (¢) uneven stress distribution, 


The ultimate strength of a material still appears to retain much importance and the relative 
bearing of the yield point and maximum stresses depends on the special circumstances of any particular 
case under consideration. Indeed the evidence given by numerous experiments on fatigue which have 
been made during recent years both in this country and America appear to show a more definite relation 
between the endurance under alternating stresses and the ultimate strength than to the elastic limit. 


It is the purpose of this paper, however, to consider the various theories for the failure of steel 
subjected to combined stresses within the elastic range, to compare them with the results of investigations 
carried out by various experimenters, and so endeavour to find a basis which may serve to some extent as 
a guide to deduce the strength of shafts subjected to combined bending and twisting. 


It is probable that each of the different theories of strength can be proved to be correct if its 
application be properly limited. These theories are generally the results of investigations concerned 
mostly with unvarying or static stresses, and can only be used as a guide in cases where the straining 
action is variable. In regard to the latter it does not make much diflerence which formula is employed, 
provided the designer uses a stress which experience has shown to be satisfactory for the case he has to 
deal with. At the same time it should be realised that unless a large factor of safety be employed, say in 
the case of shafts subjected to combined bending and torsion, it might be reasonable to expect the working 
stress to be altered as the ratio of bending moment to twisting moment varies, 
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The strength and elastic properties of materials are generally determined by simple tension, or 
compression tests, and so it becomes necessary to adopt some standard of comparison in order to 
apply these results to the cases of combination of tensile, compressive, or shearing stresses. For this 
purpose a knowledge of analysis of stress and strain is required, and while this may be found in most 
books on “Strength of Materials,” it is thought that by including some part of it in this paper, it can be 
readily referred to when considering the various theories of failure. 

Of course, it will be realised that the strength of a material cannot be determined by mathematical 
analysis, and the values of Poisson’s ratio, modulus of elasticity, Hooke’s law, yield point. etc., are the 
results of actual experiments carried out on different materials. 


Two Dimension Stress System. 


When the stresses at any point in a body all act parallel to one plane, the most general stress 
distribution will consist of two mutually perpendicular direct stresses and two equal complementary 
shearing stresses. : 


Fic, | 


Consider a triangular element of material with unit thickness perpendicular to the plane of the paper. 
Let the stress system consist of direct stresses p, and p, on the planes A B and BC at right angles to 
each other, together with shear stresses q on these planes. Let pg and qg be the stress components on a 
plane A OC making an angle @ with A B. 

Then it can be shown that 


Po = 4 (px + Py) + 4 (Dx — py) Cos 20 + q Sin 26 ... aca() 
and 
qe = 3 (Px — py) Sin 26 — q Cos 26 ... #3 A »+4(2) 
The stress component qg will be zero when 
24q 
Abie (Fe ve ed oe ee sie < 
an =n, (3) 


thus giving two planes, separated by 90° on which the shearing stress is zero. These planes are the 
“principal” planes, and the corresponding values of pg are the “principal” stresses. 


Rar ts : é bs 
Also since “ must vanish for a maximum or a minimum value of pg 
¢ 


Pe = —(p, —p,) Sin 26 + 2q Cos 26 = 0 | 
so that the condition that qg vanishes is also the condition that pg isa maximum ora minimum. Thus 
the principal stresses are the maximum and minimum direct stresses in the material. 
A stress system (p,, py, q) can hence be always replaced by two mutually perpendicular direct 
stresses only. 
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To find the principal stresses p, and p,, from (1), since 


tan 20 = ia 
Px — Py 
[is 4 (Px a Py) + 4 V (Ps ns Py) + 4q2 
and when 
2q 
26 = ti al ) 180° 
samen Cem 


Pp = 4 (Px + Py) — VO Py) + Aq vee te ee ee 
The first theory of failure can now be dealt with. 


Tue Maximum Stress THEORY. 


According to this theory, first postulated by Lamé but generally known as Rankine’s theory, elastic 
failure takes place, in a state of complex stress distribution, when the maximum principal stress equals the 
elastic limit under simple tension. ‘ 

Consider a shaft subjected to combined bending and torsion and suppose the tensile or compressive 
stress produced by bending in a vertical plane to be “p” and that produced by torsion “q.” : 

In this case p, = p and p, = 0 in equations (4) and (5), and the principal stresses P which are at 
right angles to one another are given by 


P = $p kbp tigi: wees ive Alek ieverdal eer 68) 
Since V}p’ + q’ is greater than 4 p the two principal stresses are of opposite sign. 
If “f” be the stress at the elastic limit in simple tension then according to the maximum stress theory 


fe dpi VEO ig, cea wens ee ee ee sie wees (F) 


In the case of simple shear, that is with p = 0, (7) becomes f = q and the stress at yield in tension 
is equal to the shear yield stress. 


With a shaft of diameter “d” subjected to a bending moment M and a twisting moment T, 


32 = 
f= Lk OM + Vy ee 8) 
which may be written 


Me =}[M + VM + T?] Harte ari een mere. 2c)! 
where Me is the equivalent bending moment. 


If such a theory were strictly true then all materials would be expected to fail at a direction at right 
angles to the maximum stress. In this case of a brittle material, such as cast iron, and a ductile material, 
such as low carbon steel, in tension this is certainly not the case. 


Two DIMENSIONAL STRAIN. 


If the material of a body receives strains 1, and 1, in directions at right angles to one another, 
accompanied by a shear strain |,,, and the three strains exist simultaneously, it can be shown that 


Ig = 1, Cos’?@ + 1, Sin?@ + 1,, Sin 6 Cos 6 
where ly is the resultant strain in the direction inclined at 6 to the “x” plane, or 


lo =4[0. +]) + (kh —1],) Cos26 41, 8in 260) ... (10). 


For lg to be maximum or minimum 


bet cubis! anata wst & (11) 


See 


tan 26 = 


This gives two values of @ separated by 1/2. 
If 1, and 1, be both positive 


leas = 4 e+ 1) AY Ce Pye aes cee wee (12) 
| and 
| lain = $0. +1) —¥V G—D) Hy nee eee ee lene (18) 


These two equations (12) and (13) give the principal strains. 


THE Maximum Srrain THEORY. 


Although generally known as St. Venant’s theory it was Marriotte who, in the 17th century, first 
suggested that the criterion of failure is the maximum strain in the material. 


Now it is known that when the material of a body is under tension the stretching in the direction of 
the applied force is accompanied by lateral contraction in all directions at right angles to the applied force 


and the relation between the lateral strain and the direct strain is Poisson’s ratio denoted by o or =. For 
most metals “‘m” has a value between 8 and 4 and for steel may be taken as *. 


Consider a body acted upon by a direct stress p and a shear stress q as in the maximum stress 
theory, and substituting 


i. a ahd a for 1,, 1, and 1,, 


in equations (12) and (13) above, where C is the modulus of rigidity, the principal strains are given by 


1 -v 
| We sg (hic 2) +35 a/ v(1 +3) 2y+ SE” 
It can be shown that the relation between C and E is given by 

™ mE 
“ey 2(m + 1) 


whence 


x —1 
Bl=}("—*, 4 m+) vp + ag | 
and since El is the stress f at elastic limit and taken as tensile and putting m = 8 


3 
‘| ope OOD -e Oe Se ee Ai aae Gis ese see, eak ) wee 
\) which is the equation for the maximum strain theory. 


il For the case of simple shear equation (14) becomes 
f=13q or q=77f. 
In the case of a shaft subjected to bending and torsion, as previously, 


Me; = 85M +65. 4 MPT? ic. cee kee cee ane (16) 
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Tue Maximum SHEAR STRESS THEORY. 


It appears that Coulomb was the first to consider that rupture takes place when the shear stress of a 
material exceeds a certain limit. As, however, he refers to rupture and not to yield, the shear will be 
beyond the yield point. 

Tresca, as a result of many experiments, stated that the maximum difference of the greatest and least 
principal stresses is a measure of the tendency to rupture, and so, to a certain extent, there is not much 
difference in the two hypotheses. 

Guest also carried out numerous experiments which appear to support this theory for ductile 
materials, and this theory is often termed Guest’s Law. 

Referring back to equation (2), the planes perpendicular to the plane AC on which the shear 
stresses are a maximum, are given by 


dqe _ 
age 
or (ps — py) Cos 26 + 2q Sin 26 = O 
ie. tan 20 = — arr Ete ov) eh) eas FEL) 


If cc denotes the values of 6 given by equation (3) when the normal stresses have stationary values, 
and if 8 denotes the values of @ given by (16) when the shear stress is a maximum, 


tan 2B = — Cot2« 
B= tt 


and the planes of maximum shear stress are inclined at 45° to the principal planes, 
From (6) the maximum shear stress is given by 
uax = 4 V (px — py) dq? 
or half the difference between the principal stresses P. 
Adopting the previous notation for p, q and f, 
Dag ep et ee eee ee ee nee ie Mere en ane ae 
and therefore 
Me=h/ 03 
or more generally when dealing with shear stresses 
fame CPE IEA, 8 ch) Mee ees ed OC 


where Te is the equivalent twisting moment. 
For the case of simple shear 
f=2q or q=odf 


that is, the stress at yield in tension is twice the yield stress in shear. 


Navier’s THEORY. 


This theory is a modification of the stress difference theory, and was first suggested on the evidence 
given by compression tests. For certain materials it was found that failure took place on a plane inclined 
at a greater angle than 45° with the cross section, which suggested the fact that a direct push between 
two surfaces increased the resistance to shearing or sliding, an effect similar to ordinary sliding friction. 

If “q” is the shear stress on a plane and “p” the compressive stress, then the strength of the 
material in resisting fracture is given by q — » p where p is a constant for the material. Putting p, for 
tensile stress this becomes q + pp. 


‘ 
| 
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For simple direct tensile loading the seztion at which maximum shear takes place is given by 
6 = 45 — ¢/2 where p = tan > 
and the shear stress acting is given by 
f, = p, [Cos 6 Sin 6 + p Cos? 6] 


=m [Fp (LEE) | cemetery Rok reer 5 


If the principal tensile stresses in two directions in a material be denoted by p, and p, it can easily be 
shown that at yield the greatest shear stress f, is given by 


pi (Cos @Sin 6 + p Cos? 6) — p, (Cos @ Sin @ — p Sin? @) 


where @ = 45 — 9/2 


or f, = [ Se “fF nO Fens | Pr 
2 2 
} P15 
— [eee se) |p 
= jel esa 2 pee rereteety pe PEELE Ral LR Glo yeedor aig agro CLD 


Now adopting previous notation 
b= op + Vip + @? 
and p,=43p— V4}p?+ @ 
therefore at yield f, is given by 
£=Alp+ Vir + @]—BOp- Vipr@ 
a a [~;-™ + £ B Jee? |... are | 


Now the greatest shear stress produced by an equivalent bending moment, according to the above 


theory equals a Me A. 
IC (Aa) M + (FH ) Mac WPS sc a ase (2D) 
which may be written in the form 
Me = «M + (l1— x) ¥ M? + T? 


Perry has suggested that for wrought iron and mild steel there is no internal friction, that is ¢ = 0 
whence A = B = $ 80 that in dealing with ductile steels this theory becomes identical with the maximum 
shear stress theory and since a twisting moment 'l'e would also produce the same intensity of shear stress, 
equation (22) reduces to 


Ve = J M + T? 
Gulliver, however, states that for soft iron and steel the angle of fracture determined experimentally 
is about 41°, making ¢ = 8°, and » = tan @ = ‘14, and equation (22) takes the form 
Te = 012M + 0°88 V M? + T? 
For the case of simple shear, the internal friction theory gives 
t=" 1-0 Or f=" Dy t 


The difference between the internal friction theory and maximum shear theory is that in the latter 
the yield point of the material is considered as determined by the maximum shearing stress applied, but 


- 
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in the former by the minimum resistance to sliding within the body. In many cases the difference in the 
results given by the two theories is not great since according to each the material yields by shearing along 
some surface. 


Haicu’s Strain Enercy THEORY. 


When a body receives a permanent strain it is now recognised that it has undergone a change of 
physical state from the crystalline to the vitreous or amorphous state and, in general, a change of state 
requires that heat be supplied to or abstracted from the body. ‘To produce the permanent strain work 
has to be done on the body by the forces stressing it, and this is the form in which heat is supplied. 
one absorbed by a body stressed within the elastic range is generally termed the “strain energy” or 
resilience. 

Now this change of state can be brought about by a single stress, or a combination of stresses, and 
if the same changes take place in each case then the work done will be the same, provided the actions 
are reversible in a thermodynamic sense. This suggested a relation between the elastic limits under 
simple and complex stress systems, and from these considerations Dr. Haigh arrived at his theorem, first 
published in 1919, which may be stated thus :— 

“Tf a body be stressed to the elastic limit by gradually increasing the stresses from zero, the 
strain energy per unit volume attains a nearly constant limiting value independent of the nature 
of the applied stress.” 

Suppose the material of a body is strained an amount “e” by a gradually increasing stress “p,” the 
strain energy per unit volume is 4 pe. 

If the body be acted upon by two principal stresses p, and p., then the total strain energy per unit 
volume is 

W=tpe +4 pre 


and substituting the values of p and p, given in equations (4) and (5) 


Wa Pe BB + 2 (1+ 9) 


2K mE E m 
Adopting the usual notation for a body acted upon by stresses “p” and “q” this reduces to 
ce UL peg 2 CD) ‘: 23 
W= sap + =a ce (23) 
«/” be the yield stress of the material in simple tension 
any 
W=}3 E 
and (23) becomes 

f? = p? + 2(m+ 1h PRLS co erence oe CY 


m 


Forthe case of simple shear (24) becomes 
f= 2(m + 1) qi? 
m 


where q, is the elastic limit under shear; and with m = 10/3 
qi = 0°62 si 


Equation (24) can now be written in the form 


2 (m + 1) qe 


Lg 2m pe yoy 25 
= =p? + ee ce (25) 


and if M, T and Te have the same notation as previously 


3 
ri remit = M+ a tins 
2m 2m 
giving 
. 2m_ 2 me 9 
AN yg a + T (26) 


and putting m = 10/3 


Tex, / 20M + Aah: aso 29, Joona aathy ada DD 


BECKER'S THEORY. 


As the result of investigations carried out upon solid drawn steel tubes subjected to an axial load, 
producing either tension or compression, and to internal hydrostatic pressure, producing a circumferential 


70000 


Q 
3S 
060000 30009 
4 = 
‘ B., 
E 2 
é <A Livenees STRESS 7 
- : ; 2 Axl UM STRESS 

Lede or ee ee = E é MAXI UM 3: 
Q z KA 
w 
ee a ww 
Ss L TIVS SHEARIMG STRESS fay 
es FoR RAT{O OF O'SO 7: 
9 > 
0 #2000 % 
Mn «< 
yy SERIES 4 2 

pe i 

a” 
* 30000 Le 15000 
he ee 
oe 


Ea for| RATIO oF 862 
] ere ITING SHEARING STRESS 
au ZA 
20000 eee /0000\—« — - 
0 ‘2 “a ‘o g /O 54 6 ‘8 


Ratio of CiRcumMFEREN TIAL. TENSION 
Ratio oF CROUMEERENTIA Téwsion TO AXIAL ComPRESSION, 
To Axiae TENSION. 


(a) : | & 
hiGi .c 


re) 


9 


tension, Dr. Becker, in 1916, propounded the theory that the elastic limit is fixed by both the maximum 
shear stress and maximum strain. The criterion adopted in these experiments, in which special 
instruments were used to measure the various strains, was Johnson’s ‘apparent elastic limit,” which was 
taken to be the yield point. It is defined as the unit stress at which the rate of deformation is 50 per 
cent. greater than it is at zero stress. In the case of materials which have been cold drawn, it is found 
that there is no very decided change in the character of the stress-strain diagram at the yield point as is 
usual in ductile materials that have not been cold worked, so that Johnson’s method was particularly 
applicable to these diagrams. 


The experiments were carried out with combinations of tension with tension, and compression with 
tension the ratios of circumferential to axial stress being varied from zero to unity, and it was found from 
the stress strain diagrams, that in the case of tension combined with tension the yield increased with 
increase of stress ratio up to 0°5, and beyond this the yield stress remained constant. In the case of com- 
pression combined with tension, it was found that the yield point stress steadily diminished as the stress 
ratio increased. 


In Fig. 2 (a) the yield point stress for two series of tension combined with tension experiments are 
shown plotted against the ratio of circumferential to axial tension. 


The line of maximum strain theory is drawn through the yield point stress for stress ratio zero, the 
inclination being obtained by using a value for Poisson’s ratio of 0°334. A line of constant yield point 
stress is drawn through the points for stress ratios of 0°50 and above, and this is taken as the limit of the 
shearing stress. As shown in the figure these correspond to ratios of shearing yield point stress to tensile 
yield point stress of 0°59 and 0°62. 


In Fig. 2 (b) the yield point stresses for the series of experiments on tension combined with 
compression are plotted as ordinates, and the stress ratio of circumferential tensile stress to axial 
compressive stress as abscessae. The starting point of the theoretical lines was found by testing 
specimens in tension and compression, the yield point in both cases being almost the same, and averaging 
25,100 lbs. per square inch. In determining the line for maximum strain theory, a value of Poisson’s 
ratio of *395 was used, this value also being found by experiment. A line of constant shearing stress has 
been drawn through the yield point stress (14,000 Ibs. per square inch), obtained from a torsion test. 

It appears that from Series III., as well as for Series I. and I1., the experimental results agree with 
the maximum strain theory up to a certain stress ratio and then follow a line of constant shear, which 
is the maximum shear developed. The ratio of the shearing yield point stress from the torsion test to 
the average of the tensile and compressive yield point stress was 0°56. 

As a result of these tests it appears that the maximum strain theory holds until the shearing yield 
stress is reached after which the shear theory holds, and the point at which the change takes place 
apparently depends upon the ratio of the shearing yield stress to the yield stress in simple tension. 


MILLINGTON aND THOMPSON'S THEORY. 


This theory has been formulated through the consideration of the inner structure of metals which 
has shown that the atomic arrangement within a crystalline material has a great influence on its behaviour 
under stress. 

All ductile materials consist, in the solid state, of an aggregate of crystals of different sizes and 
shapes arranged in an irregular manner. The atoms that go to form these crystals, however, are arranged 
in a definite order, called the space lattices, which gives the material its definite physical properties. 

Modern X-ray analysis has shown that in many metals the crystals are built up of atoms which are 
arranged in what is known as cube face-centred lattice. 


This means that they are arranged in a system or pattern made up of cubes of equal and very 
minute size with one atom located on each cube face. In a few metals, such as alpha-iron and mild steel, 
a slightly different arrangement is found called the body-centred cubic lattice in which there is, as before, 
one atom at the corner of each cube, but instead of an atom at the centre of each cube face there is an 
atom in the middle or body-centre of each cube. 
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When a material has been strained beyond the elastic limit, permanent set results being due to a 
displacement of some atoms which is irrecoverable on release of the stress. It appears that there are 
certain planes in which such movements are most likely to take place. In the case of steel, these planes 
are known as the cube face and the rhombic-dodecahedral plane. According to Millington and 
Thompson, for the cube face (x) the least. force to produce movement is a tensile one, while on a 
rhombic-dodecahedral plane (y) the tangential forces most readily produce plastic deformation. A normal 
tensile force will, in these circumstances, assist a tangential one to produce movement on the (x) plane, 
whereas if the normal force is compression it will operate against the tangential force. Also on a (y) 
plane a normal force tends to reduce movement against a tangential force, whereas a normal compressive 
force produces the opposite effect. There are thus almost exactly opposite tendencies on the two 
different planes. 


The theory now suggested is that under complex stress a cabe centred material, like steel, will fail 
elastically when a plane exists in the stressed material in which the normal and tangential stresses are 
equal to each other and equal to those obtaining in a simple tensile test at the elastic limit. 


) C 


PT a 
( b) 


Fig. 3° 


Consider a cube of material acted upon by two tensile stresses in directions at right angles to cne 
another and the third direction being zero. On the plane DC EG there are normal and tangential 
stresses each equal to} p, and similarly on plane ADF E the normal and tangential stresses are each 
equal to 4 py. It may be concluded therefore that elastic failure will take place when either p, or 
py reaches the figure for elastic failure in simple tension. 


Similar reasoning would apply for two compressions. It would thus appear that elastic failure under 
two tensile or compressive stresses is produced by the action of the maximum principal stresses. 


For the case of a tensile stress combined with a compressive stress at right angles consider the unit 
cube shown in Fig. 3 (0) with a tension p, on two faces, on two others a compression p, and no stress on 
the other faces. On a plane SORT parallel to the edge MQ and inclined at an angle 6 to the side 
L MQP the normal and tangential stresses will be 


id re eg od a eae emer one eg wr rfid (259) 

Pe = pi Sin! 0'Cos'O+- py Sin’ @:Cos Osi.) cei any. as, (28) 
For the present theory it is necessary to find the plane where p, = p, that is 
where p, Sin? @ — p, Cos *@ = p, Sin @ Cos @ + p, Sin 6 Cos 6 

or p, tan? @ — (p, + p,) tan@—p,=6 ... ... .. « (80) 

that is tan @ =p, + pp + VQ. + Py + EPPy ve ee ee (31) 
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For simple tension if “f” is the stress at the elastic limit and elastic failure takes place on a plane 
where p, = p, then this is at 45° to the axis of pull and p, = p, = 4f. For this condition to hold for 
elastic failure for the present case, then from (28) 


px Sin’? @ + p, Cos’? @ = 4 f = say c (a constant for any given material) 
.. px tan? @— p, = c (1 + tan’ 6) 


tan’ @ = 32 
n Py —¢ ( ) 
substituting these values in equation (30) 

G5 nee me Py + ¢ 
Ps (B = ") al aL, U aise: 
COX To) (perecroperiot ua st AT at Be (33) 


If p, is greater than p, this equation becomes 
(hy —)®& +o =e 


Now in the case of simple shear, a shear stress q is equivalent to a tensile and a compressive stress 
each equal to q and inclined at 45° to the direction of the shear stress. Putting p, = py = q equation 
(33) becomes 


“f” being the elastic limit in simple tension. 


SEIGLE AND CRETIN’S THEORY FoR DucTILE STEEL. 


This theory was first published in 1925, and is based on the results of an experimental investigation 
of the behaviour of mild steel under combined tensile and torsional loading. Taking the elastic limit as 
the criterion of failure, these investigators defined it as the value of the tensile or peripheral shear stress 
at which a marked change of slope occurred in the load-strain diagrams. 

If “p” is a tensile stress, “q” a peripheral shearing stress, and “‘f” an arbitrary limiting stress 
which must not be exceeded, the theory may be represented by the expression 


f= cep + (1 — o)/ p? + 4q? 
where o¢ lies between 0 and 0°375. 
This is a similar expression to the internal friction theory. 


The authors found that if the value of o¢ is taken as 0:2 it is in reasonably good agreement with 
their experimental results for pure tension, pure torsion, and combined torsion and tension for annealed 
mild steel. Their formula for the criterion of elastic failure for mild steel may be expressed by 


S102 par O'S We pieelsgee a. eee. eee feccbeters Herren (SS) 
Taking the case of simple shear, this expression reduces to 
f=16q 


or q = 0°625 f. 
The results of these experiments will be referred to later. Equation (84) may be written 
Me = 0:2 M + 0°38 V M? + I? 


where Me M and T have the same meaning as before. 
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EXPERIMENTAL INVESTIGATIONS. 


It is now proposed to deal with some of the results of experiments carried out by different 
investigators, and to compare their results with the different theories. 


GuEst’s EXPERIMENTS. 


The first well known important investigations on combined stresses were carried out by J. J. Guest 
in 1900, the tests being made upon hollow tubes, which were subjected to tension, torsion, and to internal 
pressure, both singly and combined. ‘The yield point stress was used as the basis of comparison, but one 
drawback to these experiments was the fact that each tube was used repeatedly, and repeated loading 
raises the yield point. 


No mention is made of any annealing between tests. Nine steel tubes were experimented upon, 
involving 101 different tests, and each tube was experimented upon several times, the stress being taken 
off when the yield point had been reached in any test. 


The results of some of the tests on tube No. VII are shown in Table I. In the tests on the other 
tubes similar results were obtained, and Guest concluded that the constancy of shear stress was sufficiently 
accurate for the use of the maximum shear theory in engineering practice. 


TaBLeE I. 
Gugst’s Expertments. Tube No. VII. 
DIAMETER 1:25 INCHES. THICKNESS *025 INCH. 
E = 2°88 x 107 lbs. per square inch, © = 1:08 x 107 Ibs. per square inch. m = 3°05. 


Ltgivte THEORIES (lbs. per sq. inch). 


ainal Transverse 
Test Tensi Shear | Shear. |Maximum| = - — 
No. iene lbs. per |Tension.| Stretch. ‘ay 
P-Der. sq. inch. Maxm. Maxm. Maxm. Haich Seigleand| Navier 
sq. inch. Stress. | Strain. Shear. sign 


Cretin. p='ld 


3 20600 | 17500 *85 «| 00118 | 30600 | 33920 | 20300 | 21600 | 86600 | 19080 


6 0 22500 co | 00108 | 22500 | 29900 | 22500 | 22500 | 86100 | 19850 


7 26800 | 17500 653 | 700132 | 35400 | 88200 | 22000 | 24000 | 40600 | 21000 


8 35000 | 12500 ‘357 | 00140 | 89000 | 40300 | 21500 | 24800 | 41400 | 21050 


17 37100 6250 168 | 700186 | 88800 | 38500 | 20200 | 28600 | 88700 | 19470 


18 36100 10000 °277 | 00137 | 88700 | 89500 | 20600 | 24300 | 40200 | 20810 


19 81900 | 15000 “47 | 00188 | 37800 | 389800 | 21900 | 24700 | 41400 | 21210 


20 0 22200 co | 00102 | 22200 | 29400 | 22200 | 22200 | 85500 | 19550 
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The results given by the different theories have been included in Table I, for comparison purposes 
and these are shown plotted in Fig. 4. It will be observed that the variation in the maximum shear 
stress theory and internal friction theory is very small compared with that of the maximum stress 
and strain theories. 

Haigh’s theory also shows a fairly close relationship for the various values of the ratio of shear stress 
to tensile stress. At the same time the yield stresses are fairly constant in all the tests if the two cases 


GUESTS EXPERIMENTS 


YIELD STRESS 


of simple torque are neglected. In all cases, however, the tensile stress is greater than the stress due to 
shear, and, as will be shown later on, when this is the case there does not appear to be so much variation 
in the different theories as is found when the shear stress is greater than half the value of the tensile 
stress due to bending, 


ScoBLE’s EXPERIMENTS. 


In 1906 Scoble conducted his first series of experiments on combined bending and torsion of solid 
steel round bars. He considered that the stresses at yield point and elastic limit were nearly proportional, 
and then proceeded to fix a definite yield point. 


——— 


> 
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While this was satisfactory when the material was loaded in direct tension, compression, or torsion, 
the addition of the varying stress due to bending caused some difficulty. His method is shown in Fig. 5. 
where P is the assumed yield point. 


LOAD 


EXTENSION 
Fig. 5 
The results of some of his experiments are shown in Table IJ, being tests on 3 inch round steel 
bars, 36 inches long, m = > 
TABLE II. 
Tensile THEORIES. 
No. | BM. | TM. | (Bend- | cpucuey| Ratio 
of inch inch ing) | ibs. per | TM Maxm Navi 
Test. lbs. lbs. | Ibs. per | 8a inch.| BM P sor I Maxm. | Maxm. | 1, son. | Seigle Baer 
ng inh, | 4 rincipal) gtrain. | Shear. aigh. eigle. p='l rl 


Stress. 


Til. 0 2190 0 26600 oe) 26600 | 84600 | 26600 | 26600 | 42600 | 23400 
LY: 667°5) 2130 | 16220 | 25880 | 3°19 35260 | 41900 | 27200 | 27700 | 46520 | 24820 
XJ. |} 1160 | 2088 | 28200 | 24700 | 1:75 42520 | 46870 | 28420 | 80800 | 50140 | 26740 
V.| 1881 1985 | 32350 | 24100 | 1°49 45210 | 49020 | 29000 | 31800 | 52860 | 27490 
VI. 2000 | 1630 | 48600 | 19800 | -815 | 55650 | 57700 | 81300 | 36100 | 59820 | 30460 
XII. | 2000 | 1860 | 48600 | 16520 | -68 58700 | 55200 | 29400 | 34400 | 56720 | 28760 
IX.) 2020 | 1335 | 49000 | 16220 | *671 | 53900 | 55440 | 29400 | 34400 | 56900 | 28820 
VII. | 2420 980 | 58750 | 11900 | +405 | 61070 | 58720 | 31700 | 34900 | 58750 | 29370 
VIII. | 2320 646 | 56300 | 7840 | +278 | 57350 | 57700 | 29200 | 37300 | 58060 | 29080 


In 1910 Scoble carried out further experiments on solid drawn steel tubes in which repeated tests 
were carried out up to above the elastic limit without intermediate annealing. 

The yield during each test was kept very small. All the specimens were cut from the same length 
of tube. The results are shown in Table III., tubes 0°818 ins, internal diameter and 0°885 external 
diameter being used, o = 0°3. 
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TABLE III. 
. wy ab seua Sealed Ae cant eee. oL, a THEORIES. _ od oll ol tae 
Ne in ibs in Ibs | due to due to | TM. Max. | Mahe. Maxm pe heen eWeiet | 
| ve | pat ~ | Bending. Torque. | BM. | Stress. Strain. | Shear, | Haigh. | Seigle. p='l4 / 
Bl | i) 940 0 25600 co 25600 | 83300 | 25600 | 25600 | 41000 | 22500 
EK 2 0 1030 | 0 | 28050 rv) 28050 | 86500 | 28050 | 28000 | 44900 | 24700 


E 3 300 | 1090 | 16830 | 29700 3°63 | 88970 | 45710 | 30800 | 31400 | 52570 | 28100 
E 4 600 970 | 82700 | 26400 | 1°62 | 47400 | 51800 | 31050 | 33300 | 56240 | 29800 
CI 810 700 44100 | 19100 | °86 | 51250 | 53300 | 29200 | 33300 | 55520 28600 
| DI 800 600 43550 | 16330 75 | 48450 | 50680 | 27200 | 31600 | 52310 | 26600 
 B4 1120 800 | 61000 | 21800 | ‘@1 | 68000 | 70040 | 87500 | 48700 | 72200 | 36600 

B2 | 1100 400 | 59900 | 10900 | ‘36 | 61770 | 62400 | 31820 | 88900 | 62980 | 31600 


B5 | 1400 300 76200 | 8165 ‘21 | 77000 | 77300 | 88900 | 47900 | 76640 | 38900 


A |1250 | 0 68100 0 0 68100 | 68130 | 34050 | 42200 | 68120 | 34100 

A 2 | Asse 6 | 72400 0 0 72400 | 72400 | 36200 | 44900 | 72380 | 36200 
| 

B3 | 1400 | 0 76200 On Tied 76200 | 76130 | 88100 | 47200 | 75240 | 38600 


The results of the two series of experiments are shown in Vigs. 6 and 7, the values of the stresses 
obtained from the different theories being plotted against the ratio of twisting moment to bending moment. 


YIELD STR&SS Les rer S@.IN. 


20,000 
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In the case of the steel tubes it will be observed that the elastic limit in tension has obviously 
increased in value due to previous tests on the same specimen. If intermediate annealing had been 
resorted to this would not have been so marked. At the same time it might be mentioned that repeated 
annealing of thin tubes causes oxidation with consequent thinning of the tubes. 

It is apparent from the curves shown in Figs. 7 and 8 that the variation of the stresses given by 
the internal friction theory, maximum shear theory, and Haigh’s strain energy theory, are very much Jess 
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Fig. 7 


than those given by the maximum stress and maximum strain theories, particularly when the value of 
ry 
the ratio MS is greater than unity, that is when the shear stress due to torsion is greater than half the 


value of the tensile stress due to bending. 
The slope of the curves for ratios below unity cannot be considered altogether accurate. 


Hancock's EXPERIMENTS. 
About this time Hancock, in America, carried out a number of experiments on solid steel rounds, 
and also on steel tubing. 
So far as can be gathered from the report the specimens were annealed. The tests were carried out 
with torsion applied to the Specimen equal to, or less than, the elastic limit, and the elastic limit was then 
reached by the application of a direct tension or compression. 
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His results have been adversely criticised, apparently on account of uneven loading under 
longitudinal stress, though he favoured the maximum shear stress theory as being most nearly in 
accordance with his results. 

He proposed a slight modification of this theory however, as plotting his results, Scoble’s, and 
Yuest’s, he considers they lie on an ellipse with the limit of tensile or compressive stress as one semi-axis, 
and the unit shear stress as the other semi-axis. 

Thus if “p” be the fibre stress in tension or compression, “q” the fibre stress in shear, and “b” 
and “a” the stresses at the elastic limit in tension or shear, then from the curve 


2 2 
4, Se P =1 ooo eee ees ose one oes eee eee eee eee (1) 


knowing “a” and “b” from the results of tests of the material in simple tension and torsion, and either 
“py” or “q,” the other may be determined. 
Equation (1) may be written in the form 


Te = 7 + 4) yp... Pot id Oe Se a Sas a HEY 


where Te, M and T have the meanings previously assigned to them. If the ratio of “a” to “b” is} 
this formula becomes the maximum stress theory. 
Table IV. gives the results of some of his experiments, together with some others, from which it 


will be seen that the average value of 4 is about 1°4, which corresponds to a value for the shear stress 
of *59 that of the elastic limit in tension, 
TaBLe IV. 
Material. {be “ee AD ek 
pecd Lene SiTains: geo: ero G+ aco) saat 21000 10500 10500 1:00 
INIGK@LUSUGRLy. <. Med venmceson irre Nase: 76500 38000 38200 98 
Mild Carbon Steel Cue Deumeacd Cees 47000 30400 23300 1°66 
Carbon gspeel ss; Bec.) ccsudiees dows oucas 64600 29170 32300 81 
RIVEbSteoly iss aeene CMMs essa 35500 24400 17700 1°84 
INIGKel SboGlens.) bscod seeebvcs  looek es 38900 23400 19400 144 
Steek Tiupingies. bocce rcieees: See a iese 56000 36000 28000 1°66 
7 Felon Miv sg) nccdessente Bros. bass 17000 11500 8500 1°82 
+ Sho ake into Oro) an) fee 28000 16000 14000 1°30 
re Te ania een ame ae t eT 20000 12000 10000 1°44 
| 


TURNER'S EXPERIMENTS. 


Turner’s first experiments were made on steel tubes in simple tension and under simple torque, a 
few experiments being made under combined tension and internal pressure. 

The results of 19 experiments in simple pull and simple torque afforded evidence of the closeness of 
the maximum shear theory to the actual facts, the difference between the shear stresses being about 
6 per cent. The ratio of shear yield stress to yield stress in tension was 0°52. 
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The second series of experiments were carried out on thick-walled steel tubes, three dimensional 
stresses being produced by loading them with a large internal fluid pressure, accompanied by longitudinal 
tension. From these experiments Turner deduces that the shear theory is not very far from true, but 
that it is sensibly untrue. 


Mason's EXPERIMENTS. 


In 1909 Mason carried out some experiments on annealed and unannealed steel tubes in tension, 
compression, compression and hoop tension, compression and hoop compression. The results of his 
experiments showed an approximate agreement between the maximum shear stress at the yield point 
in compression and the yield point stress in pure shear, the latter being obtained by equal tensile and 
compressive principal stresses. He thus concludes: “that mild steel in direct compression yields by 
shearing; and to a first approximation that the value of this shear stress is independent of any normal 
compressive stress on the planes of the slide.” This points to the fact that the internal friction theory is 
not true. 


SmITH’s EXPERIMENTS. 


__ These experiments were carried out on solid 0-09 C, steel specimens subjected to torsion, combined 
with tension or compression, and Table Va. shows the results of some experiments carried out on 1 inch 


diameter steel rods. The value of ‘“‘m” has been taken at > 


TABLE Va. 
Tensile Shear : THEORIES. 
test | See | Se a es 
CE Ce ee [a damee- lal =| Sele | 
1 1420 18580 13°1 19330 24700 18620 18620 29990 16430 
2 22800 14310 63 29700 31800 18300 20100 33860 17470 
3 14200 17350 1:22 | 25850 29370 18750 19470 32840 17350 
4 11200 17390 155 | 23860 27600 18260 18700 31440 16720 
5 13080 16990 1:3 24760 28280 18220 18830 31620 16730 
6 19200 15830 *825, 28100 30820 18500 19820 33440 17450 
4 24750 12540 “507, 30030 31670 17650 19900 33050 170380 
8 9650 18110 1°88 23545 26880 18720 19060 30930 17030 
9 —1420 | 18350 12°9 |—19080 24400 18390 18380 29690 16230 
10 |—20570 14660 *713)— 28210 80500 17920 19430 32710 16980 


As in the previous diagrams, values of the ratio of shear stress to tensile stress have been plotted 
against the values of the stresses given by the different theories, and are shown in Fig. 8a. The stresses 
given by Haigh’s, the maximum shear, and internal friction theory, are almost constant for the ratios 
shown, whereas it is apparent there is a large variation in the yield stresses given by the maximum stress 
and maximum strain theories. 
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Table Vb gives particulars of tests carried out on 0:2 C. steel, and the results are shown plotted 
in Fig. 8b which may be compared with Fig. 8a. 

In Table Va two tests are shown in which the torsion was combined with a compressive stress. 
Table Ve gives details of a further in steel rods subjected to combined torsion and compression. The 
results of the maximum shear stress theory are very consistent. 


TABLE Vb. 
ee THEORIES. 
Longitudinal | Stress due 
Stress ‘i to Torsion Shear a 
Ibs. per sq. Ibs. per Tensile. ; : 
inch. sq. inch. ee ea ra ane Dalai a eee Haigh: Bethe! “Nevier. 
600 19500 82°5 19800 25600 19500 19500 31300 17200 
12200 19050 1°56 26100 30270 20000 20500 34400 18330 
18200 18300 10 29500 82860 20400 21500 36340 19090 
23800 16600 O7 32300 34480 20400 22200 37460 19430 
80000 13050 04385 34900 36400 19900 22700 37800 19300 
35200 6900 O17 36500 36800 18900 22900 37200 18760 
} 
TaBLE Ve. 
0 18680 oo 18680 24300 18680 18680 29900 32900 
— 14240 17480 1°23 26020 24500 18900 19600 33050 34910 
— 23800 14000 0°59 80250 32200 18350 20300 | 34160 35160 
— 37400 0 0 87400 37400 18700 23200 37400 87400 


Cook aND RoBERTSON’S EXPERIMENTS. 


One of the most interesting series of tests was carried out in 1911 by these investigators on thick 
hollow cylinders under internal pressure, the material being subjected to three principal stresses :—(1) a 
hoop tension; (2) a radial compression ; and (3) a longitudinal tension due to the internal pressure acting 
on the ends of the cylinder. The results of some of these experiments are given in Table VI. In these 
tests the material received careful annealing, and a separate cylinder was used for each test, 


__ external diameter of cylinder 


If * = internal diameter of cylinder 


Pp yield pressure in cylinder 
and ‘= —. : 
yield stress in simple tension 


the three principal stresses at the internal surface of the cylinder are :— 


: k+1 
(1) a hoop tension, Q (by Lamé theory) = p 1 


(2) a radial compression, P_—... «=p 
(3) a longitudinal tension, R, due only 1 
to the internal pressure acting on = p ona) 


the ends of the cylinder ... a 


Ir 


n Fig. 9 the values of 


experimental points being also ae 
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The values of = Pi in terms of *k” for the different theories are calculated as shown below. 


5 sje Ll ea 
Maximum stress theory ... fal 
. P p _4(k’—1) 
Maximum strain theory ... F= Bee 
é p_k’— 
Maximum shear theory ... oe ay 
- : 2’) 
Strain energy or Haigh’s theory... Bee, ees 
ze = J f J6+10k' 
2 re Sa 
Millington and Thompson’s theory ee = kt) 1) 4 4 (eH eH, 1) +8 att) 
10% a a es 5(k’—1) 
Seigle and Cretin’s theory f 842 
wih is k’?—1 
Internal friction theory ... f 176k 424 
TaBLE VI. 
Ratio Stress at : ls Experi- a = Millington, 
Naat [Pte | simple | Pin | ™Rtah | principal | Paneipal| Mae | 004 | sroigh's [Seleleand| Internal 
Pinder et pucter| Geiser | deers. | gees, | Theory. | Taon's” | TOP: | Theory. | Theory 
sq. inch. | sq. inch. 
1 1°35 | 35300 | 9700 | *275 "291 295 225 "244 262 "248 ‘238 
3 1°58 | 85800 | 12500 | *354 430 “415 “300 “342 362 “B41 “B24 
6 177 | 35800 | 14400 | +407 *D15 483, “340 “401 418 “B94 “371 
9 1°86 | 54000 | 18600 | *400 DDA “DIL “B56 “426 “439 “414 389 
14 1:97 | 84000 | 14100 | *415 *D90 *D39 “372 “451 461 437 “408 
16 2°19 | 36860 | 18090 | *490 655 D838 B95 “492 “495 47 437 
19 2°45 | 86860 | 19400 | +526 7138 625 “416 “DBL D238 “D0 463 
23 2°88 | 36860 | 21000 | *569 “784 672 “439 575 555 O84 “492 
24 3°05 | 86860 | 20200 | *547 806 684 “446 588 588 D438 498 
25 3°26 | 86860 | 21700 | 588 827 697 452 “601 601 *DD38 *D07 
26 3°44 | 36860 | 21700 | *588 843, 708 “458 614 “614 *DD9 “516 
27 3°65 | 36860 | 21800 | *591 *860 ‘718 “467 623 623 D64 "52 


P have been plotted against the values of k for seven different theories, the 
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From an examination of the results shown in Fig. 9 it will be observed how closely the theories of 
Seigle and Cretin, Millington and Thompson, and Haigh fit the experimental results. 
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MEssrs. SEIGLE AND CRETIN’S EXPERIMENTS. 


The first series of experiments were carried out on mild steel specimens subjected to combined tension 
and torsion. ‘The scheme of the experiments was to obtain two distinct sets of diagrams for each series of 
specimens, one set of tensile load-extension diagrams for progressively increasing values of the applied 
torsional couple, this couple being kept constant while any one diagram was being obtained, and a similar 
set of couple distortion diagrams, obtained in a like manner, for constant values of applied tensile load, 

The authors defined the elastic limit as the value of the tensile or shear stress at which a marked 
change of slope occurred in the load strain diagram as they found this point to be more definite than the 
proportional limit. 

+ Table VII. (a) and (%) shows the two sets of results obtained on annealed mild steel wire 3°7 mm. in 
iameter. 

A study of these figures shows the interesting fact that as the tensile stress is increased above the 
value of the shear stress, there is very little variation in the stresses found by all the theories, with the 
exception of the maximum shear theory in which the stress is progressively decreased 
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Where, however, the shear stress due to torsion is increased in value above that of the tensile stress, 
there is a progressive decrease in the value of yield stresses given by the maximum stress and maximum 
strain theories. ‘The others give almost constant values for all ratios. 


TaBLE VII. 
(a) Tensile tests under various constant values of applied torsion. 
= ia 
ae Measured Value THEORIES. 
Initial : . 
Pesipheral Shear ss ception.) | ett IF i 
seep (aq) tons | Timit tons per | “Shear. Rake" | Max | Boxw | Haigh. | Seigle. | Navier. 
sq. inch. | 
0 19:3 co §8=—|ss«19'8 19°38 9°65. 12°0 19°38 9°65 
S17 19°0 6°15 19°5 19°7 10°0 12°2 19°8 9°95 
6°35 15°9 2°86 18°15 18°8 10°1 Lis? 19°5 9°9 
9°52 13°3 1°92 18°25 | 19°8 11°6 12°5 21°2 110 
(b) Torsion tests under various constant values of applied tension. 
Aye Measured Value ; | THEORIES. 
- Gs : of shear (q) peat . = 
ension (p) tons at Elastic ear ' . : ’ ; . 
per sq. inch. Limit tons per Tensile. ioe ad ae Haigh. Seigle. Navier. 
sq. inch. 
0 133 co 86} «183 | 178 | 183 | 183 | 21a | 117 
6°35 12°3 1°94 15°9 18°7 12°7 12°9 21°6 115 
9°52 10°35 1:09 16°2 181 11°4 Lied 20°2 10°6 
12%, ork ‘764 18°0 19°5 11°6 12°5 21°0 10°95 
(c) Torsion combined with tension and compression. 
ett dee eee BSD a eT ER) oak “ ar 
Longitudinal | Elastic Limit in | Ratio | ceereigane » 
stress (p) tons | Torsion (q) tons 4 | ; flax. | : : : 
0 11-75 co «=| (11-75 | 188 | 11:75 | 11:75 | 188 | 10°35 
+ 578 | 10°65 2°08 | 13°9 16°3 i770 =| 142 18°76 | 10°05 
+ 11°55 8°63 1:92 16°12 17°55 10°35 1i-2 18°9 9°8 
+173 1°84 “O94 17°5 17°6 8°85 10°9 LW fy | 89 


Another series of experiments given in Table VII. (c), were carried out on annealed mild steel 
specimens of 3°75 mm. diameter and about 24 mm. free length, to investigate the effect of an applied 
longitudinal tension or compression on the torsional characteristics of the specimen, the tension or 
compression being maintained constant during any one test. Torsional distortion diagrams were obtained 
for values of p = 0, + 5°78, + 11°55, and + 17°3 tons per square inch, where p is the applied longi- 
tudinal stress, positive for tension and negative for compression. It will be seen that the elastic limit 
in torsion, found in the same manner as mentioned above, progressively decreases by increased value of 
the longitudinal stress, and was, incidently, found to have the same value in compression as tension. 

The specimens were further tested to fracture and it was found that the breaking strength in torsion 
was increased by compressive stress and decreased by tensile stress. 
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From the results of these experiments it is evident that where the stress due to torsion is greater 
than the tensile stress, as is usual in reciprocating engines having more than one cylinder, the maximum 
stress and strain theories cannot be used as an accurate guide for strength calculations. 
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There is very little difference in the results given by the other theories, though Haigh’s strain energy 
theory shows the most constant values of the yield stress. 
The results of Table VII. (0) and (c) are shown plotted in Figs. 10(6) and 10(c). 
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ALTERNATING STRESSES. 


Of late years the value of making tests under alternating conditions has increased in importance, and 
various investigators have carried out tests of materials to find their endurance or fatigue limit under 
cyclical variations of stress. 


There is, however, still a paucity of information with regard to the actions of materials under 
combined alternating stresses. 


In the case of simple alternating stresses a wide range of materials has been tested, but while these 
experiments may appear at first to be somewhat simple to carry out there are various effects to be taken 
into account, such as the shape and surface finish of the specimen employed, heat treatment of the 
specimen, overstress and understress, type of machine used and method of carrying out the test. 


A study of materials under alternating stresses is, however, of vast importance as in most branches 
of engineering practice parts are submitted to loads which vary in a periodic manner with respect to time, 


Thus a piston rod and a connecting rod of a reciprocating double acting engine are subjected to 
approximately equal tensions and compressions during each revolution of the crankshaft, whilst the latter 
is itself subjected to a torque and bending which vary ina cyclicmanner. It would therefore be expected 
that the practical engineer required to know the limiting stress to which a machine part could withstand 
with an indefinite number of repetitions without fracture, but generally an alternating stress test is rarely 
specified, reliance being again placed in a sufficiently large factor of safety. One of the chief reasons for 
the absence of such tests appears to be due to the time necessarily required to get a satisfactory result. 
Speeds for these tests have increased up to over 5000 revolutions per minute compared with under 100 
used by Wéhler, and it has been found that with certain types of machines there is little variation in the 
fatigue range of a material for various speeds up to that mentioned above. 


By carefully co-ordinating results, various experimenters have endeavoured to find a correlation 
between the fatigue range of a material and certain of the simple tests, so that a rapid, simple, and 
inexpensive test can be carried out, from which the resistance to repeated stress may be known within 
close limits. So far as ordinary tests are concerned, it would appear that, from a large number of tests 
carried out on wrought ferrous metals at the National Physical Laboratory and at the University of 
Illinois, the fatigue or endurance limit seems to be correlated with the ultimate strength and with the 
Brinell hardness number, provided the latter does not exceed 400, but in a much smaller degree with 
the yield point and the proportional limit. 


Taking a factor of 1 as denoting perfect correlation between two variables, the following correlation 
factors were found for some 45 tests, carried out by Moore and Jasper at Illinois University. 


Endurance limit and ultimate strength ate roe Seta 
Endurance limit and Brinell hardness a re ie aE! 
Endurance limit and yield point xe -- Re ys 
Endurance limit and proportional elastic limit nee ere hh 


No satisfactory correlation factor could be found for repeated impact results or for Charpy notched 
bar results. 


In order to get still closer correlation factors, various short time tests have been made, such as the 
rise of temperature test and load deflection test. It would appear from the Illinois tests, that the rise of 
temperature test gives a correlated factor of *99. The rise of temperature method was first used by 
Stromeyer in 1913, who located the endurance limit as that minimum alternating stress which, after a 
few hundred rapid repetitions, will just generate heat in the test piece. 


The first experiments on alternating stresses were carried out in 1864 by Fairbairn, to find the effect 
of impact vibratory action and changes of load on wrought iron girders. 


This was followed, in 1871, by Wohler’s classical experiments, and in 1886 by Bauschinger. Since 
then many investigators have carried out experiments on the resistance of materials to reversed stresses 
and repeated stresses other than reversed stress. 


Turning now to the various theories of failure, it would be expected that, since the fatigue range of 
a ductile material can be regarded as a range of stress under which the material maintains an elastic state, 
the same laws hold for safe fatigue ranges. 
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The following Table VIII. shows a list of actual experiments carried out since 1916 by various 
investigators using bending and torsional stresses in the same material. 
To make the Table as complete as possible some other properties of the materials have been added. 


TaBLE VIII. 


, Propl. Yield | Percentage | ig 
| [get BiB | RE, BSS) a | S| IEE | 
| Experimenter. Material. Tons Fanolon Tans Pinctite Hardness irda | boone Torsion. 
eohe =| Tons per | per sa. on | Number.| vereq. per sq. | Bending. 
ei sq. inch, inch. 2 inch. inch. inch. 
Fagen, Gps Fe peeeelice \=28 i Raton aE 
| Mason ...|"12 0. Steel... 285 | 18°5(r) | 14-6(r) | 85°5(4")|} — | +110] + 55 | +50 
| 5:8(8) | 9'9(s) | 
| Turner ...|Steel Tube ...) 24°6 | 13°8(7) — | 248"); — 1g | se TL se 
| 7°6(8) | | } 
Mild Steel ...| 27-4 | 18-9(r)| — | 29078")) — | +1791 + 98] -55 
11-7(s) | 
Tool Steel .... 47°38 | 29°9(r) — 9(8") | — | +224 | +169 | -75 
17°1(s) 
3% Nickel Steel] 48°3 | 36-2(r) | — 14(8") | — | 4:263 | +15°6 | °59 
18°2(s) 
Moore, 0:2 C. Steel ...) 18°9 72 85 48°3 69 +116 + 56 48 
say 37 C. Steel ...| 321 | 154 | 156 | 294 | 182 | 4147] & 72] -49 
“49 C. Steel ...) 43°3 30°2 311 23°5 197 sa) Mt: bag fe a A D4 
*93 C. Steel...) 37°6 12°5 149 24°8 162 E136 [Pt 73 “BA 
Chr. Nickel Steel} 62-0 513 57°1 182 291 +31°3. | +16°5 D3 
3°5% Nickel ...) 55°1 48°3 48°5 22°6 248 +28°6 | +16°5 “D8 
1°27.0 55. .mresseeep eel 2671 2771 49 224 422°4 | +10°9 “49 
H2ZIORM oh T4BIS 20°3 21°2 24°4 193 +187 | + 9°8 "52 
Stainless Iron...) 50°0 16°2 — 23 208 | 4£21°9 | +116] °58 
Gough ...|°02 0. Steel ...) 20°0 —_— _ —_— — +12°6 | + 7:2 ‘57 
‘13 C. Steel ...| 30°6 _— 20°0 40°0 126 +16°3 | +10°5 64 
-27 ©. Steel ...| 87°38 —_ _ — = +174 | +10°1 D8 
*65 C. Steel ...| 53°0 _— | _ — 222 +21°0 | +12°5 59 


From the above table it is evident that there is no constant ratio between the shear fatigue range 
and the bending range, but the majority of the results lie between the values given by the maximum 
shear theory, the internal friction theory, and the strain energy theory. The average value for the 
last column is about *55 

It might be mentioned at this point that no single test can give complete satisfaction of the 
usefulness of a material for all classes of service, and the fatigue range should not be looked upon as all 
important. Thus there appears to be no correlation between the ductility of a material and the fatigue 
range, and yet the ductility, particularly under overstress, must be considered. In the same way static 
strength and resistance to shock are all important. 

It might also be as well to point out that the results given in Table VIII. are from specially prepared 
specimens. Various effects have been studied by different experimenters particularly with regard to stress 
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concentration at fillets, keyways and holes. Thus Stanton and Bairstow have shown that specimens with 
Whitworth screw threads, and also with square shoulders plus a small fillet, suffer a reduction in 
endurance strength of about 30 per cent. for hard steel, soft steel and wrought iron, while for specimens 
with square shoulders the reduction was from 35 to 45 per cent. for mild steel and wrought iron. 
Keyways at flange couplings reduced the endurance strength of steel up to about 50 per cent. and wrought 
iron about 23 per cent. in Illinois tests. In the case of tests carried out at the National Physical 
Laboratory on standard keyways the fatigue strength was reduced by 20 per cent. and 12 per cent. for 
0°65 C. and 0°02 ©. steel respectively, the softer steel, possessing greater ductility, not being affected so 
much as the less ductile steel. 

Tests on specimens with small holes, carried out by Moore and Jasper, showed a reduction of 
strength to resist reversed flexural stress varying from 57 to 82 per cent. of that of the specimen without 
a hole. The mathematical theory of elasticity indicated a reduction to a value of 33 per cent. 

It will thus be apparent that it is necessary to use a factor of safety for materials subjected to 
alternating stresses as in the case of static tests, Also since the fatigue range appears to bear a fairly 
close relationship to the ultimate strength, the “ apparent” factor of safety can be based on the ultimate 
strength. 

Experiments have also been carried out on materials subjected to repeated stress other than reversed 
stress and formula have been constructed to show the relationship of the one to the other. 

Some interesting experiments of this nature have been carried out by Moore and Jasper, and 
Table IX. gives a summary of the endurance limits determined for various ranges of stress. 


TaBLE IX, 
- = a oie eae 
aise Seas! Endurance sna toh ie Elastic limit, Yield Point Ultimate 
Material sities | forlange, | pagers tay] toms per Tons per’ | frength 
“alwreee. | agri, qe TRsouplete jee tee Tension Rance 
Yr . 
eS a a ree os nt beets 
Rotating Spring Tension—Bending Machine, 
— Pa es SS = zs —_ 3 —- wee y 
35 Nickel Steel(D)) -10 | 244 1-00 272 || gg 45°83 
| 0% 27-7 115 
| -o- 33°5 1:39 
0 85°7 1:47 
lata fel aaa = cn Set oda 729 ee 
}0°49 Carbon Steel —10 | 161 | 1-00 19°9 210 | = 40°9 
| Normalised me 20+1 1-25 
| 0 | -B0 155 
Ce RI eA hari Secthalad | Od cA odin kos 
1:02 Carbon Steel —1-0 ra Os cs a = 89°5 
Spring Temper 0-67 55:3 er 
| —0'38 63°3 1:35 
| 0 72'3 154 5 | 
| +0°38 80°3 172 | 


(continued.) 
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TABLE IX. (continued). 


ag pars — Endurance Metorence limit sa limi : : Ultimate 
Matenet, | maxima | mle | gtgerangete..| "one per |. doneper |. end 
| “gta” | faring, | “Tower Tension: | Tension. | kaa 
Olsen-Foster Machine (Torsion). 
1:20 Carbon Steel} —1°0 10°9 10 26°2 2771 52:1 
Normalised 0 21:9 2-0 
3:5 NickelSteel(A)) —1-0 16°5 1:00 |) 488 48°5 550 
| 0 31:2 1:89... .j 
(B)} —1°0 16°1 100 | 868 40°7 49°8 
—0°6 17-4 108 
(D) —10 12°9 1:00 27°2 288 45°3 
—0°6 15°6 1-21 | 
0 25°5 1:97 
-49 Carbon Steel | —1°0 89 1-00 19°9 210 =| 409 
Normalised = 9g 10°7 1-20 | 
0 16°5 1°85 
Sorbitic —10 116 1:00 30°2 311 43°2 
0 22°83 1°92 


The results are particularly interesting as showing that it is possible to have an endurance limit 
above the proportional elastic limit when the cycles of stress are not completely reversed. As however, 
the stresses aré calculated by the ordinary formule which apply only to the elastic range, the tendency is 
for the actual unit stresses to be somewhat lower than the computed values. It is evident that the factor 
of safety for cases in which the stresses are not wholly reversed may be decreased compared with 
completely reversed stresses. For the torsion tests tLe endurance limit for ratio r =o varies from ‘72 to 
‘88 of the yield stress in tension, so that it is apparent that the elastic limit in shear has been exceeded. 

So far as static strength is concerned, the criterion of strength of a material is generally the elastic 
limit or yield point and, when considering the fatigue strength, this must be kept in mind, as the use of 
a criterion of strength above the yield point may not be justified in practice. 


CoMBINED ALTERNATING STRESSES. 


So far, simple alternating stresses have been dealt with. In the case of combined alternating stresses 
there are ‘a great many difliculties to contend with to ensure sufficient accuracy. Thus, for a shaft 
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s ubjected to combined bending and twisting, the stress due to the torque, at any instant, varies uniformly 

from the centre outwards, whilst the stress due to bending varies from the neutral axis, so that both are 
only a maximum at the surface. These stresses are then calculated by the ordinary methods, and any 
uneven loading will cause irregular stress distribution. Again, the combined effect is different for various 
types of engines, and the maximum bending moment does not necessarily occur at the same time as the 
maximum twisting moment. It will, therefore, be evident that there is a wide field for investigation on 
the subject of alternating combined stresses, and so far very few experiments haye been carried out. 


STranron AND Batson’s EXPERIMENTS. 


The first important investigation on combined alternating stresses was carried out in 1916 at the 
National Pisdiel Labarstor? by Stanton and Batson. Special samples of mild steel, having a carbon 
content of 0°132 per cent., were provided by the British Association Complex Stress Committee in bars 
1,°, inch diameter, from which the specimens were prepared and not heat treated. 


The apparatus used in these experiments was so arranged that the specimens could be subjected to 
rapid alternations of a combined bending and twisting moment which could have any desired value 
between the extreme cases of reversals of simple bending and reversals of simple torsion. 


Y 


Fic. II 


The general principle of the machine will be seen from Fig. 11, which is a diagrammatic representa- 
tion of the manner in which the combination of bending and twisting is applied to the specimen. In the 
position shown, the cross section of the specimen 8 is subjected to a twisting moment W D, and to a 
bending moment W d. When the head has turned through 180° the moments will be equal in 
amount, but opposite in sign. When the head has turned through 90° from the position shown, the 
maximum stress will be that due to a bending moment W d, plus that due to the direct loading, but as in 
all cases this stress is below the known fatigue limit of the material under reversals of simple bending, its 
effect is supposed to be negligible, and the specimen is assumed to be subjected to reversals of the 
combinations of bending and twisting alone. 
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The results of some of the experiments are given in Table X. 


TaBLE X. 
| eadlee LIMITING FATIGUE RANGE FOR B.A. MILD STEEL. 
cia Tensile | Maximum | Maximum | Maximum |  Haigh’s Seigle’s Internal 

BA Steet, | Tberper a: | Tsteem |stzamithcory| Speer theory| Theory, | Theory, | Huei 

inch. se Ob | ee oe oe inch. inch. inch. =] 

0 +25000 0 +25000 | +25000 | +12500 | 415750 | +25000 | +12500 
1°31 +13600 + 8000) +17300 | 418250 | +10500 | +11730 | +19500 | +10050 
1°50 +11400 | + 8720 | +16100 +17350 | 410400 | 411300 | 419000 | + 9850 | 
1°83 +11500 +10300 |) 417550 | #19120 | +11800 | +12600 | +21200 | +11050 | 
co. (| 0 +12600 | +12600 | 415870 | 412600 | +12600 | +20200 | +11100 

ae. | | | 


It will be seen that the limiting shear stresses in the pure bending and in the pure torsion are in 
close agreement. 


The following are further particulars of the material used : 


Elastic limit in tension 

Elastic limit in shear 

Yield stress in tension 

Yield stress in shear... : 
Ultimate strength in tension ... 
Modulus of elasticity (2)... 
Modulus of rigidity (C) ... 


12°8 tons per sq. inch 

81 tons per sq. inch 

13°5 tons per sq. inch 

84 tons per sq. inch 

22-4 tons per sq. inch 

29°7 x 10° lbs per sq. inch 
11°8 x 10° lbs per sq. inch 


Percentage extension (i = 35 ) 49; Percentage contraction of area, 70°8 


Poisson’s ratio o = ‘26 or m = 3°85 


Mason anD DELANEY’S EXPERIMENTS. 


These investigators carried out tests in 1921 on dead mild steel (0°12 C), furnished by the British 
Association Stress Committee. A special feature of these experiments was measurement of the ranges of 
cyclic bending and twisting strain. The frequency of the cycles of stress was 200 per minute, and the 
ranges of strain simultaneously measured were the angle of twist and the angular deflection due to bending 
between two sections about 4 inches apart. 


The bending moment was uniform over this length. 


In three of these tests the phrase angle (7.e. the angle between the crank-giving the simple harmonic 
aiternating bending moment and the crank which supplied the simple harmonic alternating torque) was 
90°, and the maximum direct stress calculated from the bending moment was approximately twice the 
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maximum shear stress. With phase angle 90° the stress “p” due to bending, and the shear stress metiice 
due to twisting, may at any instant “t” be represented by :— 
t t 
P = p, Cos 2a q = q: Cos ($4204) 
where 


P: is the maximum direct stress due to the cycle of bending, 
q: is the maximum shear stress due to the cycle of twisting, 
and 


T is the period of either cycle. 


The principal stresses at the time “t” will be :— 


2nt t 2 t 
3 [pi Cos ou +a/ Pp Cos® 2a + 4q°, Sin? 2a T 
Now, if p; = 2q, = 2a as in the 8 tests mentioned above, the principal stresses are :-— 


t 
a Cos 2a a 
and the maximum shear stress due to the combined action is always equal to “a,” 

In the other two tests the phase angle was zero. The range of twisting moment in one was constant 
throughout while the bending moment was increased by stages, while the other was subjected to constant 
ranges of hoth bending and twisting until fracture occurred, 

Table XI. gives particulars of the final results. 


TaBLE XI. 
Range of Stress Range of Stress i A 
= Greater Greatest Strain Maximum 
SPECIMEN, reas — Sh - Principal Strain} Difference Shear Stress. 
Tons per sq. inch|Tons per sq. inch x 10° Xx 10° Tons per sq. inch 
B81 (solid) - se ¢ 9()° @) 111 a) 1°40 | 
31 (solid) ; Phase angle 90 13-28 £6°94 (a) uo (a) 6°94 
P= 2 (d) 0°815 (6) 1:55 
‘ id): 90° a) W115 1°3 
Al8 (solid) ; phase angle 90 +1299 46°36 (a) ee 6-46 
Pi = 2q: (0) 0°67 1-22 
A6 (hollow) ; phase angle 90° en rete (a) 0°92 (@) 115 5°75 
| Pr = 24 ay (bt) 058 =| (b) 112 (6°61) 
| AQ (solid) ; phase angle 0° : e = - 765 
| constant q, Increasing p, a le aici ates He 
| B17 (solid) ; phase angle 0° 
| ’ 7 “Qn “Od . . 
| constant p,, constant q, ay lod oe sa pen dis aa 


Nore.—For tests at 90° phase angle the greatest values of the strain components and of the greater principal 
strains and greatest Strain difference are given both for (a) maximum bending and zero torque, and (4) maximum 
torque and zero bending, 
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It might be mentioned that tests had also been carried out previously on similar material subjected 
to alternating bending and torsion applied separately, and the investigators considered that the shear stress 
found in the combined experiments with phase angle 90° were about 10 per cent. less than those in the 
separate tests. This would evidently be due to the fact that the number of planes subjected to maximum 
shear stress with phase angle 90° are indefinitely increased compared with those for stresses separately 
applied, and correspondingly the gliding planes of a greater number of crystals are subjected to the 
maximum shear stress. Also the stresses calculated in the separate tests for solid specimens (using 
formule true only for perfectly elastic conditions) were about 15 per cent. too high compared with 
hollow specimens, so that for comparative purposes the value of the maximum shear stress range for 
specimen A6 would be +6761 tons per sq. inch. 


With regard to the two tests with bending and twisting in phase, in B17 the range of stress due to 
bending was twice the range of shear stress due to twisting while in A9 the ratio between these respectively 
was increased during the test and at the last stage was about 2°5. 


In the case of four similar solid specimens subjected to separate tests the mean value of the calculated 
shear stress was 7°2 tons per sq. inch, so that it appears the maximum shear stresses producing fracture 
are almost exactly the same for both combined and separate applications of bending and twisting. 


The values of the maximum principal strains and the greatest strain differences have been added and 
it will be seen that the former are not nearly so uniform as the maximum shear stresses. It appears 
therefore that the Maximum Shear Stress Theory can be extended to combined alternating stresses for 
this material. 


Pror. LEa’s EXPERIMENTS. 


In a paper read before the last meeting of the British Association on “The effect of superimposing a 
torsional stress upon specimens subjected to repeated bending stresses,” Professor Lea described some 
tests carried out on three steels, which were tested under the following conditions: (a) the specimen was 
loaded as a rotating beam in such a way that a test length of 3 inches was subjected to constant bending 
moment; () a constant twisting moment was transmitted through the specimen. 


Table XII. shows a summary of the final results of tests on (1) alloy steel containing 0°35 C., 
0°6 per cent. Or., 3°25 Ni., (2) 0°14 carbon steel, and (3) 0°32 carbon steel. 


TABLE XII. 


RESULTS OF COMBINED BENDING AND Torsion Tests. 


ALLOY STEEL. 0°32 C. STEEL. O14 C. STEEL. 


Stress due | Reversals | Stress due , Stress due | Reversals | Stress due | Stress due | Reversals | Stress due 
to Bending, for to Twisting, to Bending, | for to Twisting, | to Bending, | for to Twisting, 
Tons per Fracture | Tons per | Tons per Fracture Tons per Tons per Fracture Tons per 
sq-inch. | X10, sq.inch. | sq. inch. 10%. sq. inch. sq. inch. x 10°. sq. inch. 

ane : -| Pee Shes k 
+20°1 3°75 0 +4173 3°63 0 +16'2 3°86 0 
| } 
1GTs «| 2°62 15°3 +4178 3°36 | 151 +17°0 3°13 10°2 
+186 4°25 25°1 | +16°6 4°23 17°8 +17°0 159 15°1 
| 

+100 | 2°88 26°2 | +145 | 3°64 19°5 +13°3 3°92 19°4 

— -- peut eee em Se | Pe 20°3 41125] 4:1 19°D 

Tepes ih bacsyapaeh. wert _ — — + 7-4 3°32 20°52 
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The tests show that an addition of a constant shearing stress to bending stress, provided it is below 
a certain value, does not lower the fatigue range of a material subjected to reversed bending stresses. 
Thus, in the case of 0°32 carbon steel, when the range of bending stress is about +17°5 tons per square 
inch, a constant shear stress of 15 tons per square inch does not lower the number of repetitions possible. 

A shear stress of 19°5 tons per square inch lowers, however, the range of bending stress to +14°5 
tons per square inch, and a shear stress of 20°38 tons per square inch lowers the bending stress to 
+ 7°5 tons per square inch. 

The addition of the shear stress does not alter the range of shear or normal stress. 

It would appear, therefore that as long as the shear stress due to the torsion is less than a value that 
does not cause serious slip in the material, the cause of failure is exactly the same as when the specimen 
is subjected to bending only. The maximum range of shear stress is on a plane at 45° to the axis 
whether there is a torsional shear or not, and if the shear range is the criterion of failure apparently this 
is the plane on which failure commences, ‘Tests were also carried out to find the range of normal stress 
for various mean stresses on a Haigh machine which applies alternating tensions, and comparing these 
results with the combined tests, Professor Lea suggests that the possibility of failure at the high torsional 
stress and low bending stress is due to a normal stress range superimposed on a high mean normal stress 
on planes at 45°. 

Similar experiments were carried out in 1921 by Professor Ono, who tested three carbon steels under 
alternating bending combined with constant torque, but in no case did the stress due to the torque 
exceed that due to bending. 

A summary of his results is given in Table XIII., which shows that the endurance of the steels under 
alternating bending is independent of the action of torque within the limits of the experiments. 


TaBLE XIII. 
Stress due to Stress due to 
STEEL. Constant Torque, Bending, Te oid 
Tons per sq. inch. Tons per sq. inch. 
| 
078 C, + 877 30 
89 + 9°53 3°0 
251 C. 0 +16°0 54 
14:0 +15'9 4°4 
804 C 0 +14°3 45 
5°7 +15°6 2°0 
140 +15°2 1°9 
12°7 +15°9 14 


It appears, therefore, that a constant shear stress below a value equal to the normal stress in one 


direction does not affect the life of the specimen, but when constant shear stress exceeds a given value 
the normal stress range diminishes rapidly. From the above reasoning Lea concluded that shear stress 
range is the important factor, and that the shear stress range possible is effected very considerably by the 
magnitude of the maximum shear stress applied by torsion, 

Considering cases in which the material is stressed by bending and torsion, such that the value of 
the shear stress due to torsion is greater than that due to bending, these experiments further emphasize 
the fact that the criterion of strength is the value of the maximum shear stress. 
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CoNCLUSIONS. 


A study of the various experiments carried out on combined stresses under static conditions, seems 
to point to the fact that the results given by the maximum shear stress theory and Haigh’s theory are the 
most consistent. With regard to alternating bending and torsion separately applied, the ratios of 
the shear fatigue range to bending fatigue range also lie between those given by the above theories. So 
far as combined alternating stress experiments are concerned, it appears that the maximum shear stress 
theory is approximately true, but more information is required regarding combined bending and torsion, 
particularly for cases in which the range of torsion is other than completely reversed. 


The final conclusion that can be drawn therefore, appears to be that, for safe practice, the maximum 
shear stress theory expresses the average behaviour of ductile materials under combined stresses, whether 
static, variable, or alternating. 
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DISCUSSION ON Mr. 8S. F. DOREY’S PAPER 


ON 


“COMBINED STRESSES.” 


Mr. G. R. Epnaar. 


Mr. Dorey has devoted an immense amount of work to a subject, the elucidation of which is a 
matter of extreme importance to all engineers, involving as it does the factor of safety which exists in 
service. The evaluation of stresses and strain is not of much importance unless the effects of these 
stresses and strains are known, and in particular what is the factor governing failure? As far as the 
application of the various theories to static stresses is concerned, this would appear to be reasonable in view 
of the criterion of failure, yield holding in both theoretical and experimental considerations. But it is 
rather difficult to follow why the theories of elastic strain should be applied to cases involving fracture, 
which is the criterion of failure in repeated stress. In fracture we are definitely away from elasticity, and 
investigations would seem to show that the considerations involving fracture have held for some time 
prior to the fracture taking place. Haigh’s theory does, I believe, give consideration to the nature of the 
change of the physical nature during strain now generally accepted. Does not the applying of theories 
based on elasticity up to the fail point, to alternating stresses, appear to be tantamount to expecting to get 
the value of the yield stress as the fatigue limit in a simple alternating test ? There may be similarity in 
this respect in the case of the wrought ferrous metals, but little or none in the non-ferrous metals. So 
that, I think, Mr. Dorey is possibly rather optimistic in his last sentence on page 25. 

With regard to the correlation between the fatigue range and other physical properties referred to on 
page 25, would the author give a little more information as to how the factors “96 and so on were 
obtained ? The 45 specimens referred to were of all kinds of steel, I suppose, and the giving of the 
relationship in the fractional form shown does not indicate the minimum and maximum divergence from 
the average. Thus individual cases may show very considerable variation from the average, and the 
expressing of the relationship in this form seems rather flattering. In respect of the limit of propor- 
tionality, Professors Moore and Jasper actually say, in their August, 1924, paper before the British 
Association at Toronto, “It is evident that for wrought ferrous metals the elastic limit is not a very 
good index of fatigue strength,” and it would seem that a correlationship of 91 expresses rather more 
than this. 

Mr. Dorey’s paper contains a great deal of matter for thought, and forms a valuable contribution to 
the subject. 


Mr. D. L. H. Connison. 


The author states on the first page of his paper that “it was the purpose of the paper to find a basis 
which may serve to some extent as a guide to deduce the strength of shafts subjected to combined bending 
and twisting,” and in the last paragraph that ‘for safe practice the maximum shear stress theory appears 
to express the average behaviour of ductile materials under combined stresses.” 

In other words, that we should use the formula :— 


(1) 5 ees ays Me= /M? + T? 
in place of the formula :— 
(2) ue oe ee Me = 85M + 65 / MP F T? 


which is more generally used when considering shafts subjected to combined bending and twisting, such 
as a crank shaft, 
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Such being the case, I thought it might be of interest to see how the two formule would affect the 
sizes of Diesel engine crank shafts. pe 

In his well-known paper, “ Diesel Engines for Sea-going Vessels,” read before the Institution of 
Naval Architects on April 6th, 1911, Dr. Milton takes 17 examples of reciprocating steam engines in 
actual use, and using formula (2) calculates the stress set up in the crank shafts, the diameter of the 
crank shafts being as found by the Rules. 

Using the mean of the stresses, viz., 7,300 Ibs. per square inch and formula (2), he derived a rule for 
the crank shaft of a 4 cylinder 28.C.S.A engine, having the distance between the centres of its bearings 


equal to 1:2 times the stroke, viz :— 
d= Wa D'S x *1875, 


or d= 5161 / Ds. 


Working on similar lines, but using formula (1), I obtain a stress of 10,350 lbs. per square inch, and 
the rule becomes :— 


d = -4982./ D'S, 


that is, by using the formula advocated by the author, a reduction of 3°6 per cent. in the shaft diameter 
is effected. 

By inspection of the two formule it is apparent that the difference between the results will become 
greater as the ratio ni is decreased ; and this is also shown in Figs. 6 and 7 in the author’s paper. I 
therefore selected the worst case given in Table III. of Dr. Milton’s paper, viz., that of a 3 cylinder 
28.C.SA engine, having a distance between the centres of its bearings equal to 1°8 times the stroke and a 

‘TM |, :270 


ratio of BM 180" and obtained, using 


Formula (1) d = 3024, / D*s 


Formula (2) d = 5340 2 / D2s 


i.¢., a reduction in diameter of 6°5 per cent. 

It therefore appears that if sizes of crank shafts were based on the maximum shear stress theory, 
instead of being, as they are now, based on the maximum strain theory, an appreciable reduction in the size 
of the crank shafts of engines having comparatively short strokes compared with the cylinder diameter (and 
therefore with the distance between the centresof the bearings) would be obtained, but in the case of 

Length of stroke 
Distance between the centres of the bearings 
unity, the reduction would be very small and possibly not worth considering. 

In conclusion, I wish to thank the author and congratulate him on his very valuable contribution to 
the Society’s transactions. I feel sure it must have taken a considerable amount of work in preparation. 


long stroke engines having a ratio of approximating to 


Mr. J. ANDERSON. 


We are much indebted to Mr. Dorey for his valuable contribution to the records of the Staff 
Association. His analyses of the experiments carried out by the various authorities are interesting and 
instructive, and while the results in some cases show a wide divergence, in others, notably the maximum 
shear stress theory and Haigh’s theory, there is a fair degree of consistency. 

When we observe the differences in the results obtained by the application of some of the theories, 
we are left in some doubt as to which is the best basis to work on for strength calculations. Strength 
calculations at the best are more or less approximate, for in addition to the difficulties in estimating the 
magnitude of the forces in action, the material in question may not be homogeneous throughout. 
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As every member of a composite structure is subjected to determinate and indeterminate forces, it 
follows that the application of a fairly consistent theory with factors of safety based on the behaviour of 
like materials under similar conditions of loading should afford a reasonably safe and reliable basis for 
strength calculations. 

Consequently, designers are guided by past experience, just as the experience gathered during the 
evolution of the steam engine provided a basis for the development of the internal combustion engine. 

However, in spite of the careful thought and consideration given to the question of the strength of 
structures, there still lurks in some minds traces of suspicion, which no doubt accounts for the proverbial 
half inch extra. 

Mr. Dorey must have spent a great deal of time and thought on the preparation of his paper, and I 
am sure he deserves our grateful thanks. 


Mr. W. Tomson. 


Mr. Dorey’s paper has for its subject the failure of metals under combined stresses, and in the 
opening pages he sets forth several of the current views as to the changes which occur in the structure 
of the material prior to breakdown. These theories are very ingenious, but are more in the province of 
the metallurgist than the engineer, whose primary concern is the essential fact that failure does take 
place, and whose business it is to determine the calculated stress value associated with this failure. 

The author sets out the various theories which have been advanced to account for failure under 
combined stresses ; some of these theories are quite familiar, but others are not so generally known in the 
engineering world. The only satisfactory test for any theory is its relation to fact as determined by 
experiment, and for this reason that part of the paper in which Mr. Dorey has expressed the results of 
various investigations in terms of different theories is of special value. Of the theories described, three— 
the principal stress, principal strain and Seigle and Cretin’s theories—are very similar in form, differing 
only in the constants employed. This similarity is found in the curves illustrating the application of 
these theories, and the manner in which the load at elastic limit falls off as the ratio of shear to tension 
increases suggests that shear plays a more important part at the higher ratios. 

I have tried to compare the different experimental results, but the investigators would appear to 
have each used different qualities of steel, and comparison is hardly possible. 

Most of us have been trained in the principal stress theory, which can be readily adapted to various 
circumstances, and it is a little disquieting to know that the general practice of using this basis of 
calculation in association with a constant permissible stress in the material is unsound. 

It would be very helpful if the author would tell us which of his curves may be taken as representing 
mild steel or would provide one if such is not embodied in the paper. 

The next group of theories seems to yield more consistent results. The first of these theories is the 
maximum shear stress theory, and a comparison with the maximum stress theory shows the following 
results :— 


Maximum stress theory Me = 4} [M + /M? + T?] 


Maximum shear stress theory Me = / M? + T? 


As these two propositions are based on the same considerations but give such widely different results, 
it would be an advantage if the author would explain how the apparent discrepancy arises. 

On the whole, Haigh’s theory would appear to be the most convincing of those given in the paper, 
based as it is on sound theoretical considerations, and giving consistent results throughout. 

Mr. Dorey has written a paper full of information, but I think he would have added to its useful- 
ness by expressing at greater length his views as to the inferences to be drawn, as he is naturally much 
more familiar with the experiments described than a reader can hope to be. 


Tur PRESIDENT. 


The consideration of stress is a matter of great importance to the members of this Association, and 
although the author had apparently taken shafting as the basis for discussion in his paper, the subject 
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had a much wider meaning. It extended into all departments of Engineering. We had to apply 
continually the principles of combined stress to problems in Shipbuilding as well as in Marine Engineering. 

Shafting in Marine Engineering found its analogue in rudders, davits and other mechanical con- 
trivances, and in certain parts of a ship’s structure as e.g., beams and deck girders, one had to consider 
the effect of a combination of tensile and compression stress with shear stress. 


At the present time, when structures tend to increase in bulk, the designer had to give an eye to 
economy, with a view to keeping weight down without sacrificing strength, and the author does well in 
drawing attention to this point. 

I do not agree with disregarding “ elastic limit” in favour of “ yield point.” It can serve no useful 
purpose, and from theoretical considerations it furnishes little or no assistance in design. Whatever 
might be said under this head, we are compelled by the known principles underlying the behaviour of 
materials subject to stress, to fix our ideas on those characteristics which give uniformity, and in the 
case of steel that part of the stress-strain curve giving uniformity of variation lies within the eiastic limit 
or range only, and gives a value for elastic modulus which may be said to be invariable, whether the steel 
be of high tensile or mild quality. 

It is true that we are accustomed in practice to determine our factor of safety (or ignorance) 
on the breaking strength of the material, but this is for convenience only, and we deduce therefrom a 
working stress which lies well within the elastic limit. 

This point came under very careful consideration during the Great War, when, due to the shortage 
of steel for ordinary purposes, vessels were built of reinforced concrete, and it was sought to reduce the 
weight of the structure by introducing steel reinforcement of high tensile quality and of proportionately 
lighter scantling. 

Modern design is based on well founded theory, tempered by our knowledge and experience of actual 
construction, and it is safe to say that no undertaking of any value is launched without due regard being 
paid to each, and considering all the unknown factors with which a design is faced, it is remarkable how 
well theory is found to agree with practical results. 


Apart from the bookwork which the author has usefully included in the earlier part of the paper, 
several mathematical aspects of the problem are set out under the head of investigators who experiment- 
ally and theoretically have been looking into the subject. The conclusions arrived at by these gentlemen 
are extremely interesting and educative, but when one comes to examine them closely, there appears to 
be no great disparity between them, and nothing has transpired which need cause us to depart from the 
customary use of the “ Principal maximum stress” as a basis for our calculations. 


The author refers to the work of the British Association. Several of the authorities quoted in the 
paper are members of the sub-committee called together by the British Association to investigate the 
subject of stress generally. Conclusions arrived at by individual members, some of which are set out in 
the paper, must not, I think, be taken to represent finality in the matter, and I believe that when the 
work is completed a mean path will be found through the various results and recommended as a basis in 
design. Some of the mathematics is not altogether clear. 


In the short time available for discussion one cannot do more than touch upon one or two points, 
but 1 would like to refer briefly to Professor Haigh’s work detailed on page 7 of the paper. The author 
states that in a body under the action of stress the change of state within the elastic range is the same 
whether produced by a single stress or a combination of stresses if the amount of work or energy 
absorbed or abstracted is the same, and proceeds to deduce formule from theoretical consideration of . 
stress only. It seems to me this is only permissible so long as the principle cited can be substantiated 
physically, but there is nothing contained in the paper to show that this has been done. 


Tt would be necessary to show that in the process of straining the amount of heat absorbed or 
abstracted is the same and independent of the manner by which the strain is brought about before 
absolute dependence could be placed in the theory. The measurement of heat in this case would be a 
very delicate operation, and if it has actually been done it would be of much interest if the author could 
give even an outline of the method adopted. 


The theory is based on the principle of strain energy within the elastic limit, but after arriving at 
equation (23) the author introduces “f” the yield stress in simple tension. The stress not only differs 
from the maximum value of the elastic stress but represents a point which is not on the straight part of 
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the stress-strain curve and strictly speaking cannot be used in the strain energy equation. The result 
—equation (24) which follows would therefore appear to be not radically sound. 
: 4 ; 2 (m + 1) Bel fag ’n, ke 
9 5, pe et — .— ¥ 
From this equation the author deduces the equation f? = on q’, 1.0, 7 = @ Since 
mE f eats 
C= 2m +1) (page 4), or the strain energy under shear and tension is the same. 


It seems to me that this does not lead anywhere, since it is the very hypothesis of the theory. 


That there is a discrepancy seems evident ; it is possibly not great, but is sufficient to, at least in 
part, account for the difference between the results obtained as compared with the maximum Principal 
Stress Theory given, e.g., in Table VI. of the paper. 

The subject is very interesting, but it would seem that we have not yet arrived at a rigorous 
solution of the problem involving complexity of stress. 


That this paper will induce members to consider anew the problem for themselves I feel sure, and 
the author is deserving of the best thanks of this Association for bringing the matter forward for 
discussion. 


Dr. A. PrckworvH. 


Mr. Dorey has performed a useful service by collecting and presenting concisely accounts of 
researches embodied in the numerous works to which he refers and by giving his own conclusions in 
regard to the relative merits of the theories described. 


The paper appears to deal primarily with combined bending and torsion, and its purpose according to 
the author’s statement is to “endeavour to find a basis which may serve to some extent as a guide to 
deduce the strength of shafts subjected to combined bending and twisting.” 


A consideration of the strength of shafts chiefly concerns our colleagues the Engineer Surveyors, who 
will no doubt throw more light on a difficult subject in their contributions to the discussion. 


There is much in the paper to interest Naval Architects, but apart from the case of rudders the 
examples of combined stresses we have to consider are of a different nature. 


How confidently in student days we would assume certain conditions affecting longitudinal bending 
of a vessel, draw curves of loads, shearing forces and bending moments, calculate the modulus of the 
section, perform some simple arithmetic and then write down the maximum tensile and compressive 
stresses in the bottom shell and deck plating. Later experience taught us that an element or panel of 
plating is subjected to several systems of loading at the same time and showed that stresses due to 
longitudinal bending could not be dissociated from stresses set up by flexure of the plating between 
frames due to water pressure or those set up by deflection of transverse members or by vibration and 
panting, temperature variations or local loads. 


Such resultant stresses, even if determinable by some mechanical registering instrument which may 
be devised, would be most difficult to analyse mathematically in order to assess the stresses due to 
various causes. Much has been done by Dr. Montgomerie, Dr. B. C. Laws and others in regard to the 
stress determination in flat plates, but much ground remains to be still explored. The opposed views of 
Mr. King and Sir Joseph Isherwood recorded in the discussion on “ The Bracketless System” (‘Transac- 
tions, Institution of Engineers and Shipbuilders in Scotland, 1926), in regard to the longitudinal value of 
steel sections, primarily introduced to support the webs and flanges of the main girder, show that Naval 
Architects have not as yet laid down a definite and generally accepted method of calculation. Sir J. 
Isherwood considers it illogical to ignore the contribution of a member towards longitudinal strength 
simply because it has other duties to perform, and one is obviously bound to agree with such a view. 


I have failed to find anything of a controversial nature in Mr. Dorey’s paper, but the above remarks 
may serve to show him that he has been the means of drawing his colleagues’ attention to an important 
subject, and of opening up new lines of thought to them. Such work is well worth doing, and I thank 
him for it. 
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Mr. M. Micanicn. 


Mr. Dorey has written a paper of considerable interest to the members of the Staff Association, ard 
it has occurred to me that some account of a case which came before my notice some time ago might, if 
added to the discussion of the paper, bring forward some practical evidence of the effect of combined 
stresses in material of construction. 

The case referred to was that of the port side tail shaft of a twin screw steamer. The shaft having 
been drawn, examination between the liners revealed a somewhat corroded surface and the presence of 
deep cracks, the nature of which can be seen by reference to the photograph. 

It will be there observed that the principal cracks follow the form of a right-handed helix inclined 
at about 45° to the axis. 

Normally to these principal cracks are smaller cracks rather unequally distributed over the surface. 

The cause of such failure was due to the combined stresses to which the material in question was 
subjected, and the following explanation of the action of these stresses is offered to the author of the 
paper for his criticism. Also, any further light he can throw on the matter would be much appreciated. 

It would appear that the material of the shaft under the action of the predominating left-handed 
twisting moment (motion ahead) would gradually change in structure, becoming fibrous in the direction 
of the tension stress due to torsion. The elongation would naturally produce contraction acting normally 
to the direction of the elongation. Further, the shaft would be subjected to compression due to the 
thrust. 

It may. also be concluded that torsional oscillation would augment the fibrous tendency in the 
material, there being continuous change in stress intensity. 

When going astern a right-handed twisting moment results and the shaft would then be pulled 
longitudinally and the direction of the tension stresses due to torsion changed, this now becoming normal 
to the above-mentioned fibres. 

These alternations in the stresses acting in the material set up conditions of fatigue, thus diminishing 
gradually the resisting power in the direction normal to the fibres till cracks occurred. 

It should be stated that the ship in question was employed in coastal work, entering and leaving 
harbours three or four times a day, and consequently the shafting was subjected to very many abrupt 
alternations of stress. 

The enclosed sketches will perhaps help to make clear the written matter. (See Figs. 16 and 17). 


Mr. J. 8. ORMISTON. 


The author in his paper has collected together the various theories which have been advanced to 
determine the internal stress induced in a member of a structure when the latter is loaded in some 
manner or other, either by couples and forces whose axis and lines of action are parallel to transverse 
planes of the member in conjunction with couples and forces acting parallel to longitudinal planes of the 
member, with special reference, apparently, to the strength of shafts subjected to combined bending and 
twisting. One might reasonably remark that perhaps combined straining actions would be a truer title 
for the paper instead of combined stresses. Under a simple external tensile or compressive force applied 
in the direction of length of a member of a structure there may be, indeed is, a complicated state of strain 
and also of stress across any section of the member. Or consider a member subjected to a simple system 
of two equal forces on planes parallel to each other a simple shear stress is set up on each of these two 
planes, but, in addition, as equilibrium is to be maintained, another simple shearing stress of equal 
intensity to the first is induced on planes at right angles to the given planes. This does not complete 
the state of stress because automatically, so to speak, on planes inclined at 45° to the planes of simple 
shear stress are induced tensile and compressive stresses, the intensity of these tensile and compressive 
stresses being equal to the intensity of the simple shear stresses. An illustration of this is to be seen in 
the ordinary case of a shaft under torsion that is under the action of couples whose axes are coincident 
with the axis of the shaft. Consider a small square traced on the outside surface of the shaft ; under 
strain this small square becomes distorted into a rhombus, and if we imagine the shaft (take case of a 
hollow shaft) split up into spiral shaped bands at an angle of 45°, these bands would be in tension along 
their length and in compression transversely thereto, while if the shaft be considered split up into a 
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second set of special bands in opposite sense, these would be in compression longitudinally and tension 
transversely. 

With regard to the maximum stress theory set forth on page 3 of the paper it should be pointed out 
that the principal stress shown there is a nominal or apparent stress, and from this point of view the 
maximum principal stress theory is readily convertible into the maximum principal strain theory in 
which appears a factor, namely, Poisson’s ratio, which takes account of the elastic properties of the 
material of the structure or member of the structure under consideration. 

From the graphs shown in the paper it will be seen that the results for yield stresses are greater 
when calculated from maximum strain theory than when calculated from maximum stress theory, That 
this might be expected can be noted from the following comparison slightly modifying for convenience 
the formule :— 


Tv atin 


Maximum stress theory 7, d°f = M+ v M’ + 'T* 


Maximum strain theory ie @f=-70M+13 7 M+ T? 
and latter expression can be written 
ig Uf=(M+ ViP+T)] + [3 VP + — 3M] 


which obviously for given values of M and T in any case would give a larger value for the diameter of 
the shaft. 


The maximum shear stress theory has found favour in recent years as being a better criterion of 
stress for a structure under combined bending and twisting moments than either the maximum stress or 
maximum strain theories. 


From the result, as pointed out by the author on page 5, the maximum shear stress is found to be equal 
iv din Ee where P, is the major and P, the minor principal stress. 
The same result is obtained using the maximum strain theory, while it should be noted that the 
principal—that is, the normal stresses as obtained from the two theories—are different. From this it has 
been stated that the maximum shear stress theory has a logical basis. 


The well-known forms of fracture of tensile test pieces of mild steel also seem to strengthen the 
belief that failure in ductile materials is by shear or sliding, as, for example, when a tensile test piece of 
mild steel breaks at approximately 45° to the line of action of the pulling force, or when the fracture 
consists of a kind of crater, the angle of sides of which are approximately at 45°. Liiders’ lines would 
also tend to strengthen belief in failure by diagonal shearing. 


An important difficulty arises, however, in considering the general design of structures under com- 
bined straining actions. As the author states on page 1, it might be reasonable to expect the working 
stress to be altered as the ratio of bending moment to twisting moment varies. Looking at the curves 

ear 
tension 
yield point stresses are calculated from the maximum stress or the maximum strain theories and a fall, 
although slight, is seen also when the stresses are calculated from the maximum shear stresses theory, as 
in some of Scoble’s or Smith’s experiments. In a solid circular shaft local crippling of the materials is, 
I suppose, not readily to be expected, but in structures which have relatively thin webs, such as channel 
or built up guide sections, or take the section of a ship, the provision of adequate resistance against 
buckling has to be considered. Consider now the case of such a section of a girder whose upper part is 
in compression due to the loading, e.g., case of sagging of a ship. The major principal stress would be 
compressive, and at certain transverse sections of the ship inclined to the vertical. This principal stress 
is induced, even if there exists no independent torsional straining action on the ship when the shearing 
force on the section is taken into account. Thus we should seek to ascertain the maximum compressive 
stress on the side plating of the ship. It should be remembered of course that if we were to calculate 
the maximum shear stress we might say at 45° to line of action of this that there would be compression 


shown in the paper we see that the yield point stresses fall as the ratio increases when the 
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of equal amount, that is, of amount equal to the maximum [shear stress. But this would be less numeri- 
cally than the major principal stress referred to above in this case compressive. 


These remarks are made as it seems important that we should not in the meantime jump straight to 
the general conclusion stated by the author on page 84 of the paper. It is to be noted of the experiments given 
by the author in his paper, that only in the case of Scoble’s experiments were the experimental pieces 
actually subjected to combined bending and torsion; in all other cases direct tension or compression 


was combined with torsion, and this was the case, I think, in other experiments not directly mentioned 
by the author. 


As Scoble, in a report on combined stresses (vide “‘ Engineering,” 24th October, 1913), said :—“ Too 
frequently the complexity of the subject has not been realised, and confusion has followed the omission 
of conditions and limitations.” Scoble was probably referring to the theories, but the remark can be 
extended to apply to experimental investigations on the subject. 


Can we say that the maximum tensile and compressive stresses in a piece may be ignored entirely in 
favour of a consideration of the maximum shear stress ? Constancy of stress figure in maximum shear 
stress theory, for a piece does not seem necessarily to mean that this maximum tensile or compressive 
stresses or deformations would also be constant in the same piece. Also it should be noted that the 
published ratios of shear strength to tensile strength vary to some appreciable extent. 


Experience in experiment and in applied design has resulted in fairly well established working stress 
figures for cases of bending only or of torsion only. It is when the structure under consideration is 
subject to a combination of these straining actions that difficulty may arise, and it is to the solution of 
these cases principally that recent experimental investigation has been directed. 


I take it the author if he were calculating the dimensions of a piece subject to a bending moment 
only of say 500 tons-inches would use a different working stress than when calculating the dimensions of 
the same piece subjected to a twisting moment only of 500 tons-inches. 


Let us take the following case, namely: (@) a shaft subject, say, to a bending moment of 40 tons- 
inches combined with a twisting moment of 160 tons-inches; and (0) a shaft subject to a bending 
moment of 160 tons-inches combined with a twisting moment of 40 tons-inches. By the following 
theories :— 


(1) Maximum stress theory a @f=M+ / M4 T 

(2) Maximum strain theory 77 df ='70M + 13 /M? + T?- 
using Poisson’s ratio value as given in paper. 

(3) Maximum shear stress theory 78 f= y M+ T 


The resultant moments are as tabulated in following table :— 


MOMENTS FROM THEORIES. 
M T RATIO | _ 
on Maxi Sh 
Principal Stress, | Principal Strain. | ***!™2um Shear 
Stress. 
40 160 4 205 242 165 
160 40 25 825 326 165 


The use of maximum shear stress theory would result in the same diameter in both cases, while use 
of either the maximum principal stress or the maximum principal strain theory would result in a greater 
diameter. 


4) 


The latter result seems more reasonable than the former, as it would appear in some cases that a 
deflection due to bending of a shaft between its supports might be more serious than a torsional 
deformation. 


The numeral results are as follows :— 
M=40 T= 160 


(1) 9 d° f = 205 tons-inches. 


wv . 
(2) 16 d’ f = 242 tons-inches. 
“f” in each of these cases is the safe working, tensile or compressive stress. In case (2) of course 


; ; f A : 
“f” is derivable from S = 4) where 8 equals safe working strain. 
sd ° 


(3) aa d3 f = 165 tons-inches. 


““f” here is the safe working shear stress, 
Using f = 44 tons per square inch in (1) and (2) and f = 8 tons per square inch in (8) we obtain 
d = 6°15 inches diameter in (1) 
d=6'5 inches diameter in (2) 
d = 64 inches diameter in (8) 
Interchanging values of “ M” and “'T’” that is 
Mi 160) e140 
We obtain 
d = 7°16 inches diameter in (1) 
d = 7°16 inches diameter in (2) 
d = 6°54 inches diameter in (3) 
Similar results of course would be obtained if we took a whole gamut of interchangeable cases 
ranging, say, from M = 0 and T = 200 to M = 200 and T = 0. 
I should like to ask the author if he would use the same diameter of shaft in both these cases. 
| I would suggest in design to continue to use a form similar to the maximum stress or strain theory 
expression as follows :— 
| Equivalent stresses B = A p + B ¥ p? + 4q? 
| where “ A” and “B” are quantities depending on the elastic properties of the material on the constancy 


. oe dh! 
or otherwise of “p” or “q” and on the ratio p 


/ In any case in which it is considered desirable to calculate resistance to shearing stress as distinct 
| entirely from tensile or compressive stresses, the maximum shearing stress values could be calculated 


from a f= y M47, 


The author sums up in favour of the use of the maximum shear stress theory to express the 
average behaviour of ductile materials under combined stresses, and it would be interesting if he would 
tell us in the case of crank shafts, land or marine, broken by variable or alternating loading, whether the 
eee is more often in accordance with what we would expect for tension or compressive values or for 
shear values. 

The Association is to be congratulated on the valuable collection of experimental data placed before 
it in this paper. A paper such as this, so well arranged, is especially useful, in that, through a study of 
it one is led to consider afresh theories learnt and assimulated originally only for examination purposes. 

I have to thank the author for his admirable paper. 
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REPLY BY THE AUTHOR, 


Mr. Collinson’s contribution is particularly interesting as illustrating in a practical way the difference 
in shaft diameters given by the use of the maximum principal strain theory and the maximum shear stress 
theory, but it is doubtful whether the real significance of the curves shown, say in Figs. 6 and 7, have 
been appreciated. 

In the paper referred to an average stress was obtained, using the principal strain theory, from the 
results given by 17 steam reciprocating engines, and this stress was used as a basis for determining the 
sizes of crank shafts for single acting Diesel engines. 


The average ratio for the steam engines was 6°4 and the average stress 7,300 lbs, per square 


BM 
inch. Examination of, say, Fig. 7 shows that whereas with a decrease in value of rar from 6 to 2, the 


yield stress given by the maximum shear theory remains practically constant, in the case of the principal 
strain theory the yield stress has increased about 20 per cent. ‘ : 
The stress of 7,300 lbs. per square inch mentioned above is therefore only applicable to cases in which 


the value of ar about 6. 
Consider the case of the 3 cylinder engine quoted by Mr. Collinson, Assuming that the working 


. , d M ; a 
stresses bear the same ratio as the yield stresses for different values of ey: and using Fig. 7, then 
; TM 
yield stress for BM = 145 _ 51,000 _ 


“O77 
= 40,000 = 1275. 


: TM 
yield stress for a om 6°4 


The diameter of the shaft now given by using the principal strain theory will be 


584 ‘ Db? 8 
= = 1494 Af D8 
af 1:275 


which is, for all practical purposes, identical with the result given by using the shear stress theory and a 
constant value for the working shear stress. 
Thus with the shear stress theory a constant value of the working stress can be used for a whole 


range of values of Hs whereas for the principal strain theory the working stress should be altered as the 


ratio of bending moment to twisting moment varies. 

When comparing one type of engine with another there is, however, another essential point which 
should not be overlooked, and that is the variation of the twisting and bending stresses themselves. In 
the above example the results have been obtained through a consideration of statical conditions alone. 
In actual running conditions a reversed bending stress is generally accompanied by a shear stress which 
may vary from completely reversed to a constant value. 

Since writing this paper the author has investigated cases of varying shear stresses combined with 
alternating bending stresses, but it is not possible to indicate the method at this time. 

In the comparison made by Mr. Collinson it may be pointed out that in the case of a triple 
expansion steam engine the value of the shear stress varies from +1 to +0°6, whereas for the 4 
cylinder 28.C.SA Diesel engine the shear stress varies form + 1 to —0°45, so that any allowance due to the 
reduction of the ratio of T.M. to B.M. may be counteracted by an increase in value of the range of 
shear stress. 

Mr. Thomson has rather over-emphasized the adoption of the principal stress theory. So far as 
ductile materials are concerned the maximum strain and shear theories have been in much more general 
use in engineering design for the past twenty years, and from the results of experiments on combined 
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stresses carried out by most investigators it would appear that unless the use of the principal stress theory 
be carefully restricted serious errors may be involved, This should be apparent from any of the curves 
shear stress _ : 

tensile stress 
the principal stress theory gives a yield stress of 34,000 Ibs. per sq. inch compared with a yield stress 
shear stress 
tensile stress 

With regard to the apparent discrepancy in the results given by the principal stress theory and the 
maximum shear stress theory the fact must not be lost sight of that failure occurs under different 
circumstances in each case. The first gives a failure due to a direct tensile or compressive stress, and 
the latter a failure by shear, so that the safe working stresses are based on the elastic limits, ultimate 
strengths or fatigue limits, which are not the same for both conditions of failure. 

Mr. Thomson wants curves for mild steel, but one might reasonably ask: What is mild steel ? 
Perhaps either Figs. 8 (a) or (b) might be taken as a suitable guide, 

In reply to Mr. Thomson’s last query, it is thought that the principal inference to be drawn from 
the experiments carried out by the various investigators is that whatever theory is used for cases of 
combined stress its limitations must be appreciated. So far as static stresses are concerned the results 
show that in the case of the shear stress theory, Haigh’s theory, Navier’s theory and, to a certain extent, 
the empirical formula of Seigle and Cretin, one value of a safe working stress can be used for a wide 
range of ratios of shear stress to tensile or compressive. 

Mr. Edgar raises an interesting point in drawing attention to the fail point under repeated stresses. 

The fail point for wrought ferrous metals under static stresses can reasonably be taken as the yield 
point. In the case of simple alternating stresses, however, the fatigue limit is less than the yield point 
and, in fact, bears no relation to it. The particular sentence referred to infers that if any of the various 
theories for combined stresses can be accepted as being substantially correct for static stresses it might 
be expected that they would also apply to cases of repeated stress for safe fatigue ranges, that is, ranges 
of stress in which the material maintains an elastic state and, consequently, does not fracture. The fail 
point for repeated stresses, therefore, can be stated to vary between the safe fatigue limit due to 
completely reversed stresses and the static elastic limit or yield point, according to the value of the mean 
stress. It might be mentioned that so far as repeated torsional stresses are concerned there is very little 
variation in the safe range between these two points, that is, the safe range is practically equal to twice 
the value of the limiting stress for zero mean stress. 

With regard to the correlation factors given on page 25, it is appreciated that these only give a 
general indication of the relationship between the fatigue limit due to completely reversed stresses and 
the other physical properties. They were obtained by the use of the “product moments” method 
of Pearson. 

I have to thank Dr. Laws for his valuable remarks on the paper. It is appreciated that for 
theoretical considerations the proportional elastic limit must necessarily be the fail point. 

Unfortunately in some cases this point is rather difficult to determine accurately, in fact, so is the 
first sign of yield, particularly in the case of drawn material. As, however, most experimenters have 
based their results on either the yield point or an assumed yield point, the yield stress has been adopted 
throughout, and it is thought that, for steel, no serious error is involved. 

Dr. Laws considers that the customary use of the maximum principal stress theory should be 
adhered to. This theory may certainly give quite satisfactory results if its application be properly 
limited. The “customary” use of this theory, however, seems to be the use of a constant value for the 
working stress for all ratios of shear stress to tensile stress. 

While the value of this working stress may be satisfactory, due to the use of a large factor of safety, 
it is hardly in keeping with the statement regarding economy. Further, cases of failure do occur, and 
since the practical engineer should necessarily take notice of experimental investigations as well as 
mathematical theories, the use of the same factor of safety for different cases of combined stresses, 
shear stress 
tensile stress 

With regard to Haigh’s strain energy theory, examination of the experimental investigations shows 
that the relation between the elastic limits of steel for different cases of combined stresses is 
approximately fulfilled. 


. , Utes OM 
shown. Take Fig. 8b, for example. In the case of a ratio % (equivalent to BM > 1) 


of 25,000 Ibs. per sq. inch for a ratio of = 2, a decrease of nearly 27 per cent. 


irrespective of the ratio of, say . 1s open to criticism, 
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The measurement of heat is certainly a delicate operation, but it appears that with a special form 
of sensitive thermo-couple it is possible to measure the temperature changes with accuracy. In this 
connection a paper by Professor Haigh on “Thermodynamic Theory of Mechanical Fatigue and 
Hysterisis in Moths,” read before the British Association in 1928, might be worthy of note. 


The yield stress “f,” introduced after equation 23, should have been stated to be the elastic limit 
in tension, particularly as the shear stress q,, introduced further on, is the elastic limit in shear. 


2(m + 1) 
m 


The equation f? = q’ was only introduced for the purpose of showing how equation (25) 


was derived from (24) and to give the relation between the elastic limits in simple tension and shear. 

Mr. Ormiston thinks “ combined straining actions” might be a more suitable title for the paper. 

Since the loading of structures causes strain and stress, there seems to be very little in the sug- 
gestion ; but as the effects of loading have been treated throughout the paper as stresses and not strains, 
and further, as it is always usual to refer to working stresses and not to working strains, the present title 
seems to be the more suitable. 

With reference to the remark that the form of the fracture, under tensile loading, in ductile 
materials points to failure by shear, it might be of interest to record that experiments carried out at the 
National Physical Laboratory on single crystals of aluminium subjected to repetitions of direct stress (at 
1,000 cycles per minute), torsional stress (at 200 to 1,000 cycles per minute), slow cycles of tensile 
loading (by hand) and tensile impact tests all point to the same conclusion, that is, that failure takes 
place by slipping on the planes of maximum shear stress. In further experiments carried out on crystal 
aggregates subjected to a series of torsional stresses at various ranges, the slip bands observed were found 
to be similar to those obtained by straining single crystals. 

The practical example given by Mr. Ormiston is worthy of note, and illustrates the apparent dis- 
crepancy between the three theories quoted. 

It is appreciated that the deflection caused by a bending yield may be much more serious than the 
strain of a torsion yield, particularly in cases where the bending moment is considerably in excess of the 
twisting moment. If, however, it is anticipated that failure will take place due to shear, then the 
maximum shear stress caused by the bending moment must be considered in the design of any structure. 
The factor of safety should also be such that ample provision is made against excessive deflection irre- 
spective of whatever theory may be used, and because the use of a certain theory gives a smaller shaft 
than another theory, it does not necessarily point to the fact that the smaller shaft is not suitable for the 
purposes for which it is intended. 

One point that might be mentioned, which had not been brought out in the discussion, is that it will 


TM 
be noticed that the major portion of all the curves are for values of ppg greater than unity. This was 


done for the purpose of applying the experimental results to the particular cases of crank shafts for 
various types of reciprocating engines. for 


Fig. 13 shows the results of Smith’s experiments (Table V. a) for increasing values of TM 
As a matter of general interest, two further sets of curves, Figs. 14 and 15, have been included to 


; ; ya ert ies ; : 
show the values of the equivalent moments obtained for variations in the ratio jy. To avoid confusion 


of curves, the principal stress, principal strain and Seigle’s theories have been expressed as equivalent 
bending moments, while for the other theories the equivalent twisting moment is shown. It might be 
added that in all the diagrams given in the paper, yields stresses for the principal stress, principal strain 
and Seigle’s theory are direct stresses, while those given by the other theories are shear stresses. 
tensile stress 

shear stress &teater than 4) 
there is very little difference in the value of the equivalent bending moment given by either of the three 
theories. 

Similarly the value of the equivalent twisting moment for the maximum shear stress theory and 
Navier’s theory are almost identical and approximately equal to half the value of the equivalent bending 
moments, 


It will be observed from Fig. 15 that for ratios of roa above 2 (that is 
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Haigh’s theory, however, emphasizes the importance of the bending moment when compared with 
the shear theory. 
In the case of Fig. 15, where the twisting moment is greater than the bending moment, Haigh’s 


: TM 
theory practically coincides with the shear theory for ratios of Bm greater than 2. 


With regard to Mr. Ormiston’s remarks on cases of actual fractures, perhaps the information given 
in the reply to similar points raised by Mr. Micalich may be of interest. 

Mr. Micalich’s contribution to the discussion is most interesting. The elucidation of causes of 
fracture by combined stresses, and particularly repeated stresses, is very difficult, due, no doubt, to our 
ignorance of the exact stress distribution even in symmetrical sections, but perhaps the following points 
may be of interest. 

In the case of the shaft under notice, which shows a typical fatigue fracture, it is first necessary to 
consider what stresses have been acting. The most important stress will be that due to torsion. Under 
ordinary working conditions this will cause a varying shear stress, but not necessarily a reversed shear 
stress. Owing to the nature of the service in which the vessel was employed, there will, however, be 
frequent intervals of completely reversed torsion when manceuvring in and out of harbours. 

There will also be a direct compressive or tensile stress due to the thrust of the propeller, according 
to whether the vessel is going ahead or astern and, in addition, no doubt some bending stresses, which 
latter will be completely reversed every revolution of the shaft. 

It will also be observed from the photo that the shaft is fitted with two liners, resulting in an abrupt 
change in section of the shaft between them, and further it is well known that a great deal of corrosion 
takes place at this part of the shaft. One other point might be mentioned, and that is the probability 
of torsional oscillations, particularly as the vessel was operating at various speeds, one of which might 
easily coincide with one of the critical speeds. 

These, then, are the facts which must be considered. 

It cannot be said with any degree of certainty how a steel shaft subjected to repeated torsional 
stresses will fracture. Generally in mild steels the fracture is perpendicular to the axis of the shaft, while 
for harder steels the fracture is inclined to the axis, as shown in the photograph. 

Very small discontinuities in the shaft, however, will affect the direction of the fracture, and in 
practically all cases of fracture which have come under the author’s notice, which incidentally took place 
at discontinuities, the line of fracture has been inclined to the axis of the shaft. With ordinary 
commercial mild steel, the presence of slag inclusions or corrosion pits may cause spiral fractures. 

In the present case corrosion can hardly be said to have caused the fractures, though it may have 
hastened them. It would appear, therefore, that the fatigue failure was due to periodical violent 
fluctuations of torsional stresses, and probably torsional oscillations, combined with the axial stresses, and 
accentuated by the change of section at this part of the shaft. 

The fitting of a continuous liner would no doubt be to a decided advantage in all respects. 

Mr. Micalich mentions that it appears the material of a shaft subjected to the action of a pre- 
dominating twisting moment would change in structure becoming fibrous. 

It should be clearly understood that there is no change from a crystalline to a fibrous structure 
under any system of stresses. The structure of all metals in the solid state is essentially crystalline, 
and any permanent deformation is due to ‘slipping ” within the crystals. 
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THE SURVEY OF RUDDERS. 


By H. L. FLETCHER. 


Reap 8rH DecemMBer, 1926. 


INTRODUCTION. 


In Mr, Parker’s excellent paper ‘* The Steering of Ships” he deals in a highly technical manner with 
heavy weather conditions, and the subject that has caused so much worry and controversy, viz., twisted 
rudder stocks. 

During the subsequent discussion on Mr. Parker’s paper, Mr. Akester stated in part— It may be 
said, generally, that damage through heavy weather accounts for at least one-third of the breakdowns of 
steering apparatus on board ship. The remaining two-thirds may be divided between damage through 
grounding and collision, and through ordinary wear and tear. It is impossible to eliminate altogether 
the risk of damage through heavy weather, since it is not practicable to supply the necessary margin of 
strength for such contingencies. It would appear, therefore, that the shipowner must count himself 
fortunate if, sooner or later, the captain of one or other of his vessels does not have to cope with the loss 
of a rudder, fracture of mainpiece or rudder head, or damage to steering arrangements on deck of a more 
or less extensive nature depending upon the severity of the seas encountered. Some damage of this 
nature would appear almost inevitable.” 

It will be noted from a perusal of Mr. Parker’s deductions, as outlined in Appendix IV. of his paper, 
and Mr. Akester’s remarks as above, that both have very definite ideas as to the damage sustained by 
rudders and rudder heads through heavy weather. Contrast these with Mr. Edgar’s remarks (in part) in 
the discussion of Mr. Parker’s paper where he states ‘In matters of such kind it is, of course, apparent 
that results of actual service are of equal importance with those of tank and other researches, the value of 
which I would not in any way decry. It is surprising how scanty is the information available on results 
of service working generally, or to return to the present case, for example, on damage to rudder stocks. 
Many members of this Association are in a unique position to fill this gap. When it is realised that the 
pressures on the rudder can be altered entirely in wave water from those in smooth water, the nature of 
the whole of these investigations appears to be extremely unbalanced.” 

From the foregoing it would appear that Mr. Edgar is not satisfied with the theory that heavy 
weather is the cause of so many accidents to rudders and rudder heads. 

The writer sharing, as he does, Mr. Edgar’s view, makes no apology for taking up the subject. At 
the outset, the writer would hazard the statement that practically all the defects to rudders, including 
rudder heads, are primarily due to malalignment. 

After close observation over a period of years the opinion is formed that, generally speaking, rudders 
and rudder heads, due to the wearing parts being machined, are accepted as being in line. The over-all 
length of a rudder main piece and head of a vessel, in one particular case, was 57 feet. The rudder 
was fitted with five pintles, and there were two rudder head glands. The point is being made that 
the length of the main piece and rudder head is a big factor in the necessity for the utmost precision 
in alignment through the seven bearing parts, viz., the five gudgeons and two rudder head glands. The 
above case will be dealt with in detail later, and will be designated (A). 

It will here be necessary to consider the building and fitting of a rudder, similar in type to the above, 
and having a horizontal coupling, and see where defects may arise. 

The main piece does not present any undue difficulty in the making. The coupling is faced while 
in the centres of the lathe, and thus is dead square to the axis of the main piece. The marking off and 
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machining of the key seats for the keys of the rudder arms requires care and precision. The keyways 
being of various sizes, each has to be cut independently, and it is here that careless workmanship may 
creep in and affect the alignment of the pintle holes and also the fitting of the rudder plate. 

In case (A), several rudder arm keys were found stepped 3 inch. It is difficult to account for such 
a big error, but the fact that the keys were fitted in this manner is proof, if that were wanting, of the 
necessity for close supervision of workmanship during the building of rudders. 

Rudder arms are somewhat complex, in so far as several settings are required for the machining of 
the various parts, and any discrepancy, particularly in the keyways and conical holes for the pintles, will 
be reflected in the malalignment of the pintles when the arms are assembled. Slight distortion might 
also take place due to the shrinking of the arms on the main piece, and this may also affect the alignment 
of the pintles. 

iy scranibeidd the rudder head, note has to be made of its offset coupling, and the length of the 
head or stock, as these combined factors require a degree of precision in workmanship not generally 
appreciated. Assume the head turned and the coupling correctly marked off. The rudder head is then 
reset in a machine for dealing with the coupling, and it is here that great care is required, as a shade out 
on the face will throw the upper end of the head out of truth with the pintles a considerable amount, and 
the longer the head the greater the error. It must here be noted that a defect of this description would 
cause the upper end of the head to work, if free, eccentric to the pintles, but as the upper end is held 
rigidly in position by the glands an undue strain is set up in the steering engine, and in turn an abnormal 
twisting stress is imposed upon the rudder head in overcoming friction before the work of moving the 
rudder has commenced. Moreover, the malalignment of the rudder head unduly stresses the coupling, 
the coupling bolts, and the top pintle. 

The boring of the stern frame gudgeons presents no difficulty, except that perfect alignment is 
essential through them and the rudder head glands. 

When the rudder is assembled in the shop (but before the pintles are fitted), a wire should be set up 
true through the heel and top pintle sockets, and the intermediate holes then checked for alignment. 
Should any of the holes not be dead in line they should be re-bored to the common centre. It may here 
be stated, that if the alignment of the pintles is not perfect, those out of line, are, so to speak, in the air, 
and are useless for the purpose for which they were intended. The same applies to the rudder gudgeons. 

The fitting of the cones of the pintles should also receive attention. Upon the pintles being fitted, 
the rudder head should be coupled up to the rudder (in shop), and its alignment tested with the pintles. 
As previously stated, it is imperative that the rudder head should be perfectly in line with the pintles, 
and to attain this end it may be necessary to re-machine the rudder head coupling face. It might be 
added that there is a certain amount of luck in bringing the upper end of a rudder head true, especially 
if it is an extra long one, direct from a machined face, and it is found in practice that a slight discrepancy 
at the coupling (resulting in an appreciable one at the upper end of the head) must be dealt with by filing 
or machining the face the required amount. In dealing with stern frame gudgeons, mention was made 
of the necessity of keeping the rudder head gland in line with the gudgeons. In this connection it would 
appear (and as will be shown later), that ship yard fitters generally do not work to the refinements that 
are as essential to the fitting of a rudder and its component parts as to the alignment of engine shafting, 
and it is therefore necessary to check the alignment of the glands with the gudgeons. 

Having outlined the making and fitting of an ideal rudder, as regards alignment, it may be of 
interest to view the other side of the picture, viz., the condition of some rudders as found in practice. 
The following are a few of the cases that have come under the writers’ notice. 


A. 


The ordinary survey for condition was being held on this vessel and upon examination of the 
rudder it was found that Nos. 1 (heel), 3, 4 and 5 pintles were slack in their sockets, while the locking 
pintle was hard over on the forward side of the gudgeon, the lignum vite bush being crushed. The 
fastenings of the rudder head gland on poop were removed as recommended and the head jumped forward 
one inch and came hard on the side of the clearance hole in the deck plating. While viewing this it was 
observed, from the position of the quadrant, that there was a twist in the rudder head and this was 
subsequently proved to be to the extent of eight degrees. Both the rudder and rudder head were removed 
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for further examination. Upon the rudder being lowered on to the bottom of the dock a flaw ten inches 
long was found in the coupling key seat and this was subsequently found to extend well down into the 
body of the main piece. A line was set up central at the heel and top pintle sockets, but owing to the 
bad condition of the intermediate sockets it was impossible to decide to what extent the defects were due, 
either to wear and tear or to malalignment. As previously mentioned Nos. 1, 3, 4 and 5 pintles were 
slack in their sockets. The pintles and their respective sockets were gauged and the extent of the slackness 
was found as follows :— 


Big END OF ConE. Bia END OF SocKET. 
No. 1 pintle 5} inches... is xe 54 inches (pintle } inch slack) 
Now 2 3 4b ~ A Se. We 5 ‘5 
NOU ma eed As ie i >98 53,4,  (pintle 3 inch slack) 
No.4 yo astra ae se eet d16 et eee ms ) 
No. 5 ” 55 ” eee eee see By ” ( ” 1s ” ) 


The gudgeons and both rudder head glands were tested for alignment and found :— 


No. 2 gudgeon out of line } inch to starboard and } inch aft. 

No. 3 ” ” $ ” ” $ ” 

No. 4 a - ys » forward. 

Poop deck gland out of line 1} inches to starboard and 3 inch forward. 
Upper ” ” ao inch ” ” 37 ” 


Norr.—At the upper deck the gland was of the rudder carrier type (Taylor’s) and it appears that it 
was installed some time after the vessel was first put into commission, ‘he top cone (that which is secured 
to the rudder head for carrying the rudder) was found slack on the rudder head. The bore of this cone 
was ;', inch tapered in its length, the maximum amount of slack being } inch. 


The rudder head was placed in a lathe and tried for truth and was found straight. Subsequently, 
when the new main piece was made and the rudder assembled in the shop, the head was coupled up and 
tested for alignment with the pintles. The upper end was found 1} inches out of line, due to the coupling 
face not being square to the spindle. By inserting a wedge and opening the coupling 4’, inch at the 
required part, the error of 1} inches in the length of the head was corrected. While in this position 
proof marks for machining the face were made on the coupling. The face was then set up in the machine 
to the proof marks and dealt with. The rudder head was again coupled up to the main piece and tested, 
and it was found necessary to file the face at one part in order to bring the upper part of the spindle true 
with the pintles. 

The opportunity was taken of ascertaining whether there were any defects in the old main piece, 
other than the fracture in the coupling. It was placed in a lathe and centred true at the bossing for the 
upper and lower rudder arms and was found bent 4%; inch at the bossing of No. 2 arm, } inch at the 
middle one and } inch at No. 4, the bend being at a right angle to the keyways on the port side. The 
coupling face was tested by a square off the bed of the lathe and was found badly set, the forward part of 
the coupling face being open off the square 4°, inch. 

The old holding down bolt holes and the rivet holes of the chocks for the glands in the poop and 
upper decks were welded up and the glands shifted the amount and direction previously mentioned as 
being out of line. The clearance holes in the poop and upper decks had to be increased in size to 
correspond with the amount the glands were shifted. 

Nos. 2, 8 and 4 gudgeons were bored out to line as also the pintle sockets and new pintles were 
fitted. 

A working clearance of ,!; inch was allowed in the gudgeon bushes for the working of the pintles. 

The top cone of the carrier gland was bored out parallel and a split bush was fitted and pinned. 
New coupling bolts were fitted, also a new key. 

A stepped key was fitted to the quadrant. 

The rudder and rudder head were shipped and coupled up, and the whole was freely swung by hand 
(no gear or tackles), with both the carrier and poop deck glands in position. 
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B. 


This vessel was in dry dock when it was observed that the pintles were slack in the gudgeons 
and that they were not ina fair line in the gudgeons. The locking pintle was also found slack in its 
socket. The rudder was lifted and the gudgeons were tested for alignment and found as follows, with 
Nos. 1 and 6 gudgeons central :— 


No. 2 gudgeon 4}; inch out of line. 

No. 8 ” 1 ” ” 

No. 4 o. th i ye 

No. 5 eae + ro 
The pintle sockets in the arms were also tested and found slightly out of line. The heel and locking 
pintle sockets were in bad condition and required to be rebored on that account. 

Upon the rudder being disconnected, the rudder head coupling was examined, and a flaw was 
discovered extending between two bolt holes and through the thickness of the coupling. Subsequently, 
when the rudder head was unshipped another bad flaw was found at the lower end just above the 
rectangular offset part of the head. 

For the purpose of ascertaining the condition of the rudder head, in relation to the manner it had 
been working with the rudder, the head was placed in a lathe and found true. It was then coupled to 
the rudder and the head at the upper end was found 1} inches out of line with the pintles. A wedge was 
inserted and the coupling opened 4%, inch at the after part, and that brought the head true with the 
pintles. In this case the rudder head was about 17 feet long. 

A line was set up through the gudgeons and both rudder head glands. The upper deck gland was 
found out of line 1$ inches to port and 1} inches forward, while the upper ’tween deck gland was out 
$ inch to port and } inch forward. 

It might here be mentioned that two years prior to the above survey the rudder was fitted with a 
new main piece, and that eighteen months later the coupling bolts became slack and were renewed, after 
the holes had been reamed out. 

At the time of the writer’s survey the main piece coupling face was found badly corroded and 
121, inch hollow. 

It may be added that the writer was informed that the old main piece was condemned owing to a bad 
flaw between the 3rd and 4th rudder arms. 


C. 


Sixteen months prior to the writer’s examination of this vessel in dry dock a new main piece had 
been fitted, due, it was stated, to a serious flaw being found between the 3rd and 4th rudder arms. 

Upon examination all the pintles, except No. 5, were found to be slack in the conical sockets, and all 
the respective nuts off the face of the arms. All the pintle sockets were found ,', inch oval except No. 2, 
which was ,%; inch. The pintles were slack in the conical sockets as follows :— 


Heel, 3's inch. 
No. 2, + ” 
No. 3, 30 ” 
No. 4, 18 ” 
No.5, ty 

No. 6, 4 


The pintles were also slack in the gudgeons as under :— 


5 
The pintle sockets in the arms were tested for alignment and found as follows :— 


No. 2 out of line 45 inch to port and 4, inch aft. 
1 


1 

No. 3 ” 16 ” Ss ” 
T, z 

No. 4 ” a ” 4 ” 
1 

No. 5 ” Té6 ” ts ” 


The foregoing refers to the small end of the conical sockets, the following are the readings of the 
big end :— 


No. 2 out of line +; inch to port and } inch aft. 


No. 3 - 4 ,, aft. 

No, 4 45 + ,, to port and 3 inch aft. 
No. 5 3 ts » aft. 

No. 6 a Boe 5° ease 


In this case the pintles were plain in the body, but the gudgeons were fitted with brass bushes. 

The coupling faces were found open on the forward side and subsequently, when the rudder was 
removed, the main piece coupling face was found to have only been in contact with the other face for 
about 25 per cent. of its surface, the remainder of the face being badly wasted. 

The rudder head—which was unusually short—was placed in a lathe and found true, but upon being 
coupled to the rudder and tested for alignment with the pintles it was found necessary to wedge open the 
coupling faces ;}, inch on the forward side to bring the head in line. 

The rudder head gland was also found out of line with the gudgeons. Owing to the shortness of the 
rudder head, and its consequent rigidity, the bore of the gland asi neck ring were worn badly at one 
side, and the bore of the stuffing box was found worn out of shape by the gland, and to such an extent 
that the stuffing box, in addition to the gland and neok ring, had to be rebored and bushed. 


D. 


In this case, a tanker, the pintles were very slack in the gudgeons, the bush was missing in the 
heel gudgeon, and the locking pintle was very slack in its socket. The coupling bolts and key were also 
slack. 

It appears that the coupling bolts had given trouble and had been renewed from time to time. The 
writer was also informed that when the vessel was in a sea-way there was a sharp knock in the rudder. 

The rudder and rudder head were unshipped and landed. The pintle holes in the rudder arms were 
tested for alignment and found to be no more than , inch out of line. The rudder head was 
subsequently coupled to the rudder and its alignment tested, and it was found necessary to wedge open 
the coupling faces 4°, inch on the forward side to bring the rudder head in line with dic pintles. The 
coupling faces were machined, and ,%, inch was planed off each face as required. The key way in each 
coupling was machined and a new key fitted. The coupling bolt holes were found oval, these were 
reamed out and new bolts fitted. 

The pintles that were out of line were each fitted with a substantial feather. They were then fitted 
in place and the aligning wires set up, from which the new centres of the pintles were struck. From 
these centres the bodies of the pintles were turned and thus offset to the respective cones the required 
amount. By this method eccentric sleeves are eliminated, and it should be noted that each pintle is 
maintained in its true position by its feather. 

It must here be added that where pintles are appreciably out of line the conical holes should be 
bored out to correct alignment. 

The writer has invariably found that laymen have difficulty in appreciating the seriousness of 
malalignment and its effect upon the working of rudders, and in this connection, and with a view to 
simplifying the matter for the master’s edification, the writer decided to illustrate the subject by dealing 
with the whole length of the rudder and rudder head, viz. : by setting up a wire from the heel gudgeon 
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and extending it to the upper deck gland. With the line central at these two points the following 
readings were noted :— 
Lower deck gland ,’; inch out of line forward and } inch to starboard. 
No. 6 gudgeon out of line 14 inches forward. 
5 


No. ms F 4 inch forward and } inch starboard. 
No. 4 . “ 4 4, to port. ; 

No. 3 zs 7 yy », aft and 4 inch port. 

No. 2 ” ” e ” ” 16 ” 


The alignment of the gudgeons was also tested independently, viz. : with the wire set up central at 
the heel and top gudgeons, and as they were found so badly out of line it was decided to shift the wire as 
necessary so as to minimise the amount to be bored out of the gudgeons. The line was finally set and 
the glands were shifted and the gudgeons bored out as follows :— 


Upper deck gland shifted 1,°; inches aft and +’, inch to port. 
Lower 4 re 41 inch aft. 

No. 6 gudgeon 4°, inch forward and } inch starboard. 

No. 5 » ve » aft and ~, inch port. 


No. 4 ” as ” ” Te ” ” 

No. 3 oar Paar » Te >» Starboard. 
No. 2 >. er yy Starboard, 

Heel & 4 ,, forward. 


In view of the upper end of the rudder head taking up a new position, as above, it was found necessary 
to shift the hand steering gear a similar amount. 

It may be mentioned that when the writer made his recommendations the master of the vessel 
pointed out that all that had been done on previous occasions was to renew the coupling bolts, and that 
he would be quite satisfied with a similar repair on this occasion. It may here be added that the master 
had very decided views on rudder couplings, and he was convinced that had the rudder been fitted with a 
vertical coupling there would never have been any trouble. After the repairs had been completed and 
the vessel had been at sea a few days, the master had the courtesy to send back a radiogram expressing 
his satisfaction with the manner in which the rudder was working. 


E. 


Tt was stated that some two years prior to the writer’s survey of this vessel the rudder had been 
dismantled, straightened and repaired, in consequence of damage due to grounding amongst boulders. 

On the occasion of the writer’s survey it was apparent that something was radically wrong with the 
rudder as three of the pintle nuts had slacked back. 

In this case the pintles were secured to the gudgeons on the rudder post, and the rudder swung on 
the gudgeons in the arms. 

Upon the rudder being lifted the bushes in Nos. 2, 3, 4 and 5 gudgeons were found a slack fit (in 
the respective gudgeons) and eccentric, the maximum amount of eccentricity being fully 3 inch in Nos, 4 
and 5 bushes. The pintle sockets on the post were also found badly out of alignment. 

It was found necessary to explain in detail to the master of the vessel why it was essential to 
dispense with the eccentric bushes in the gudgeons and bore out the gudgeons to a common centre ; and 
it was pointed out that he could consider himself lucky in not having had an accident, owing to the 
eccentric bushes, as any one of them had only to turn slightly and the rudder would be jammed. To this 
he promptly replied, ‘‘that explains it,” and he went on to say that the rudder had frequently jammed, 
and that on the last occasion, when navigating one of the Japanese Straits in a very swift current, it was 
the closest shave he had ever had of losing a ship. This captain was honest enough to say that while the 
cause of the jamming was not known it was always blamed on the steering engine. 


F. 
This case was a sailing ship of about 600 tons gross. It would appear that the vessel had met 
with an accident at some time as the rudder was evidently fairly new and the original gudgeons had been 
cut off and replaced by shoe gudgeons riveted to the stern post. It was apparent from the condition 
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of the gudgeons and pintles that they were not in order. The writer asked the master if he had had 
any difficulty with the rudder, and he replied that there was a knock in it when the vessel was in a sea-way, 
that the rudder worked very stiffly and would not go hard over one way. He also added that when in 
narrow waters it required four men to steer this ship. 

The pintles were about } inch slack in the gudgeons. 

Nos. 1, 2 and 4 gudgeons were each 2 inch larger in the bore than No. 3. 

Nos. 2 and 8 gudgeons were each ,%, inch out of line. 

The centres of the gudgeons were badly over to port from the middle line of the vessel. 

The rudder head was found to have been bearing hard on the upper part of the rudder trunk on 
the port side. 

The rudder head gland was out of line with the gudgeons, and was shifted 1} inch to bring it into 
alignment. 

~ ‘The pintles were originally fitted with brass sleeves, but the gudgeons were without bushes. The 
latter were found oval. 

With Nos. 2 and 3 gudgeons being so badly out of line, it was necessary to fix a common centre that 
would permit of all the gudgeons being bored out a fixed size, and at the same time maintain, so far as 
possible, a uniform thickness in the walls of the gudgeons. Subsequently the gudgeons were fitted with 
lignum vitae bushes. 

When the work was completed, the rudder was tried and the wheel spun freely hard over each way, 
with all wearing parts a close fit. 


DEDUCTIONS. 


When it is considered that, in the main, there is a similarity in the defects in the foregoing cases, 
and that the vessels have been turned out by different builders, it would appear that the error of 
malalignment is not peculiar to any particular builder or district. Furthermore, the period in which 
the ships were constructed is not a factor, as defects in post war built vessels are as common as those 
built at other times. 

In the matter of twisted rudder heads, the subject, in the writer’s opinion, has been viewed from the 
wrong angle. It would appear that when such cases-are investigated, a truer solution of the cause of the 
twist could be arrived at by testing the alignment of the rudder and its component parts and fittings. It 
would be remarkable if, with the combination of defects such as were found in any of the foregoing cases, 
there would not be a lock, or jam of the rudder head at some part of the helm travel, and it is this lock 
or jam that is at the root of the trouble. To pursue the point further, it will be necessary to consider 
two sister vessels in a heavy sea way, of similar conditions as those quoted by Mr. Parker in Appendix IV. 
of his paper. In the case of one vessel, it is assumed that the rudder and rudder head are in perfect 
alignment and well supported throughout all its bearings, while the other ship’s rudder and stock are in a 
condition, say, similar to any of those dealt with in this paper. Mr. Parker, in dealing with the case of 
a vessel with a 6° twist in the rudder head states—“It is interesting to speculate as to how such a 
torque could have been produced by the action of the seas.” 

Having studied the circumstances of the damage, both by the log book and by discussion with the 
officers of the ship, the author was led to the following conclusions :— 


(1) The ship was in a following sea amongst waves about 450 feet long and 35 feet high. 

(2) Her speed was 10°2 knots. 

(3) Owing to the considerable yawing of the ship before the heavy sea, and to the consequent 
use of large helm angles, the rudder might have been at any angle up to, say, 45° relative to the 
direction of motion of the surrounding water, at any particular moment. 


Under the above set of conditions, the rudder and rudder head of the first of the two quoted sister 
ships would be free to move unrestrictedly through any degree of helm angle, whereas in the case of the 
other vessel the rudder and rudder head would not, for the following reasons :— 


When the rudder was moved, even a small amount, the steering engine would be taxed by exerting 
a torsional stress on the rudder head in its effort to overcome the brake-like action se up by malalign- 
ment. As the helm was moved through a larger angle, the binding of the rudder head in its bearings 
would become greater, and according to how the head was fixed, in relation to the true centre, the 
brake action may be much greater on one helm than the other. 
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There is a point in the travel of a badly aligned rudder head through which it would be more or less 
locked, and it is when in this position that an undue stress properly applied to the rudder would result in 
an increase in the locking effect and the twisting of the head. 

Should it be contended that there is some cause, other than the above, for the twisting of rudder heads, 
it must, at least, be acknowledged that the one prime factor is that the head at its upper part must be rigidly 
held. This condition cannot prevail in the case of the ship with the perfectly aligned rudder and rudder 
head, hence an undue stress put upon the rudder is passed through the head. via the quadrant or tiller, to 
the steering gear, and the shock is either absorbed by the steering gear buffer springs or it deranges the gear. 

In case (A) the rudder head was twisted 8°, and in this connection it is of interest to note that the 
officers of the vessel did not appear to know when or how the defect occurred. 

The writer was informed that for some time after the ship came out new, she met with a series of 
mishaps while navigating narrow waters, or in manceuvring in and out of port, and that on all occasions 
the cause was attributed to the steering gear (meaning the engine) jamming. Considering the condition 
of the rudder and rudder head as found, it is reasonable to conclude that the prime cause was the 
jamming of the head. In such circumstances as the foregoing it appears to be the general practice to 
blame that much maligned, but trusty piece of mechanism—the steering engine. 

Case (A) presents practically all the defects possible in a rudder and rudder head. 

As regards the bend in the main piece, this can be accounted for by the want of support from the 
pintles and gudgeons, in way of the bend, due to malalignment of these parts. The slack condition of 
the pintles in the arm holes was no doubt due to one of them originally taking the load, that should have 
been distributed amongst the others, and the pintle sockets becoming overstressed and stretched, the 
pintle would become slack. When this happened the next one nearest to alignment would take up the 
burden and the cycle would be repeated. The locking pintle socket must be treated separately, as this is 
mainly affected by the malalignment of the rudder head to the pintles, also by the want of alignment of 
the rudder head glands with the gudgeons, hence, a locking pintle (presuming it is a top one) slack in its 
socket, denotes trouble in the rudder head and/or glands. Likewise, slack or started coupling bolts, or 
couplings that are not uniformly face to face, would indicate similar defects. 

The flaw in the main piece coupling is the direct result of the malalignment of the rudder head and 
glands, and in this connection it will be noted that in both cases (A & B) in which there was a flaw in a 
coupling, the want of alignment in the glands is a feature. This alone would, in the writer’s opinion, 
suffice to cause the defect in each coupling, owing to the fact that, in the circumstances, the couplings 
would initially be stressed in an attempt to bring them close, and that the stress would be magnified 
under working conditions of the rudder. 

Mention may here be made of the vessels B & C. In the former case a new main piece had been 
fitted two years prior to the writer’s survey while as regards the latter only sixteen months intervened between 
the fitting of a new main piece and the survey held by the writer. The writer was informed that in both 
cases the new main piece, when completed and the rudder assembled, was fitted direct to the stock in 
place. The conditions as found would clearly indicate the necessity, in such cases, of removing the 
rudder head and coupling it up to the new main piece in the shop, and aligning it with the pintles. At 
the same time the alignment of the glands and gudgeons should be checked, ‘These precautions should 
also be taken when a new stock is fitted. 

Case (D) illustrates the remarkable extent a rudder and rudder head can be misused without fracture. 

In regard to vessel (E), it is amply demonstrated in this case that eccentric bushes should on no 
account be fitted in gudgeons. f 

In case (F), careless workmanship (to an extent difficult to appreciate) is fully exemplified in the 
matter of repair work. 


ConcLUSION. 

The old adage “A stitch in time saves nine” while true as regards most things, is peculiarly so in 
the matter of rudders, and it therefore cannot be too strongly emphasised that defects are cumulative as 
the result of malalignment. 

Jonsidering the nature and extent of the defects to the rudders and rudder heads of the vessels dealt 
with in this paper, it is remarkable that they have withstood actual fracture or breakdown. This would 
in the writer’s opinion go to prove that the Society’s scantlings for rudders and rudder heads have been 
well computed and that they are ample if, as the basis of the computation would presuppose, the rudder 
and rudder head be kept in line, 


DISCUSSION ON MR. H. L. FLETCHER’S PAPER 


ON 


[SURVEY oF RUDDERS.” 


Mr. J. S. Ganpryer. 


I should like to express my appreciation of Mr. Fletcher’s paper in which he has given us some 
interesting data, 

The author, on pages 1 and 2, refers to the building and fitting of a rudder. The simplest way out of 
some of the difficulty would be, say, to make the rudder mainpiece parallel, i.e, no taper in its length, as 
all the sternframe gudgeons are the same size and the pintles the same diameter. ‘The parallel mainpiece 
could be easier to forge, turn, assemble, fit and repair at any time; and, allowing for the slight addition to 
the weight, would probably be cheaper to build. 

In addition, errors quoted due to workmanship and malalignment would be reduced to a minimum as 
the rudder arms and keyways would be common throughout the length of the mainpiece, 

In cases A & B, I should like to ask the author whether in his opinion the flaws found in the rudder 
stocks were caused through latent defect or overstress. | should like, with the President’s permission, to 
express my view as to a possible source of some of the malalignment noted by Mr, Fletcher, Although 
the author does not say so, I am of the opinion that some of the cases which have come under his 
observation have been vessels with cruiser sterns, and with ordinary rudders, as I have had somewhat 
similar cases under survey from time to time, 

As a basis, take the case of a vessel with a stern of the ordinary counter type ; single screw and with 
a propeller aperture and normal type of rudder. This vessel has a long rudder and mainpiece, plenty 
of gudgeons, a short rudder stock, the coupling of the mainpiece being well above the top of the aperture 
and the minimum distance below the deck support. The proportion of length to breadth of the rudder 
below the coupling being, say, four to one, and the centre of gravity, say, three feet abaft the centre line 
of the pintles. 

Now take the case of a vessel with a cruiser stern of normal type, single screw, with a propeller 
aperture and rudder of normal type. This vessel hasa short rudder mainpiece, very long rudder head, and 
perhaps fewer sternframe gudgeons, owing to the reduced depth of rudder. A shallow and consequently 
broad rudder to obtain similar results as in the previous case is obtained, the proportion of the length to 
breadth in this case being, say, three to one, and its centre of gravity, say, four feet abaft the centre line of 
the pintles. In this case owing to the rudder mainpiece being shorter, the position of the rudder coupling 
will approximate the top of the aperture and a much greater distance below the deck support than in 
the previous case mentioned. 

It is interesting to note that the positions of the rudder coupling and the rudder post scarph, if any, 
are now adjacent, each of which is apt to work loose if excessively strained. 

In each of the examples quoted above, for different conditions, the rule size of the rudder post of the 
sternframe is the same, say, 8} in. x 63 in. 

In the case of the vessel with the cruiser stern a much broader rudder is fitted with its centre of gravity, 
say 1} feet further abaft the centre line of pintles, the vertical position of the centre of gravity of the 
rudder is considerably further from the deck Support than in the vessel of the ordinary counter type. 

The rudder post under these conditions has a much greater load to carry, especially when the 
rudder is hard over, and this might account for the loosening of the rivets in the sternframe rudder 
post scarphs, which is so common, and, probably in some of the cases cited by Mr. Fletcher, might 


cause the rudder post of the sternframe to bend, however slightly, throw the rudder out of line, and 
slacken the coupling bolts, 
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I have had quite a number of vessels under survey from time to time when the rivets in the rudder 
post scarphs (particularly the upper one) have all been renewed in vessels with cruiser sterns. It might 
also account for a number of sternframes having to be repaired by electric welding or other means at the 
forward part of the solepiece when flaws develop. 

In conclusion, it would appear to me that for vessels with cruiser sterns of the normal type, with 
apertures, the rule size of the rudder post and the riveting of the scarphs might advantageously be increased 
to stiffen the back post in a lateral direction, 


Mr. S. T. BrYDEN. 


Shakespeare wrote in ‘‘Cymbeline”; “ Fortune brings in some boats that are not steered,” but 
most of us would prefer to put our trust in a well-aligned rudder than in that fickle jade. 

The author has dealt very fully with the results of malalignment and treatment for this defect, but 
has not mentioned others frequently encountered. One of these is the erosion of the mainpiece 
immediately above and below those arms which are situated opposite to the propeller, and another the 
surface flaws which one finds between the arms. The former defect is particularly noticeable in main- 
pieces constructed in accordance with Rules earlier than those of 1907, where it was not the practice to 
increase the diameter in way of the arms. Both defects occur in vessels engaged in trades where a 
considerable part of the voyage takes place in shallow water, and the race of the propeller carries 
quantities of grit and sand past the sternpost. 

Trawlers are among the vessels whose rudders appear to experience the most severe strains. A case 
came under observation in which two out of the four pintles were missing altogether, and the other two 
were hanging loosely in position. The spigot-key of the coupling was slack in its keyway and all the 
coupling bolts were loose. Such a case was surely in Shakespeare’s mind when he wrote the above words. 


Mr. A. L. Jones. 


Mr. Fletcher has given us a very clear statement of the points which call for attention in the 
machining of rudders, and the examples he gives of defects found after a period of service are 
instructive. 

In case A the bending is roughly to the starboard side. The main piece is bent with the convex 
side to starboard and the rudder head is set to starboard. This might have been caused by heavy seas 
on the port side bending the rudder itself, and the reaction at the engagement of the steering gear with 
the tiller setting up a bending moment in the rudder head, due to imperfect bearing at the poop deck 
gland. This would emphasize the importance of making the bearings, especially that at the uppermost 

_deck, efficient bearings in the engineering sense. 

The particulars given in case B are rather puzzling, as they imply that while the rudder head was 
found set aft in relation to the line of the pintles, the centres of the deck glands were found set forward 
in relation to the line of the gudgeons. 

JT think Mr. Fletcher has contributed a very interesting paper. 


Mr. J. LAMBERT. 


I am pleased to have the opportunity of being present this evening in support of my old friend 
and colleague, Mr. Harold Fletcher, of Shanghai, who has given us this interesting paper on the 
“Survey of Rudders,” and I fully endorse his remarks on the Rules of the Society for the construction 
of rudders as being adequate. 

From Mr. Fletcher's paper it would appear that he had struck a good crop of rudders out of line, 
but I take it that they are isolated cases which have come under his notice during his long experience 
rather than the rule, although I have seen some myself, but when the thousands of rudders one perhaps 
has seen have been taken into account the percentage is not high, and whilst more of them may have 
existed, it was not always possible at all opportunities to be afforded the time to test the alignment 
unless, of course, continuous trouble had been reported, such as the breaking of coupling bolts, chains, 
or steering engine strains, &c., but I have found that the rudder of the modern vessel is usually a good, 
sound engineering job, whether it be of the balanced, ball race, bronze and lignum vite type, or the 
ordinary steel to steel pintle and gudgeon, which, with its removable pintle, is an improvement upon 
the old style of pintle forged solid with the main piece, and which was of great concern to the 
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surveyor who saw the pintle getting less and less with a big job looming up in having to fit what we 
termed patch pintles, with apparently no time to do it in, owing to cancelling dates, &c. The loose 
pintle with nut on top has made the matter as regards the pintle much easier, but I submit that the 
solid gudgeon with no bush puts the matter back where it was years ago, and I think that in order to 
advance the gudgeon in the same proportion as the pintle has been advanced, a bush should be fitted in 
the gudgeon when new, which could be renewed when worn without loss of time, thus causing the 
surveyor less anxiety in his duties and less risk of hardship to the owner. Of course, the fitting of bronze 
and lignum vite does this, but a large number are just steel to steel, and are quite good and sound jobs 
as new, and are all right until wear becomes apparent, and then it is not a small bush that is worn but 
the sternframe, a large forging or casting, which, in my opinion, is bad practice. 

To the surveyor who finds that the rudder is not all that it should be, and the vessel only allowed 
12 or 24 hours for dry-docking, with a charter party cancelling date in the balance at that, gives him 
considerable anxiety and food for thought whatever course he adopts, and anything which tends to lessen 
that in construction ought strongly to be recommended. 

In the course of my duties I had a large tanker, two years old, in dry dock for painting and annual 
inspection, and the master, an old friend of mine and now marine superintendent of the company, 
wished my advice as to his steering gear, and conducted me to the poop where he showed me a large 
collection of worn wheels about 3 feet diameter, cast iron, cast steel and bronze, all badly worn, and, to 
put it into his own words, he did not want to fill the ship with them, could I tell him what was wrong, 
as one had to be renewed every two or three months. 1 examined the steering engine and found all in 
order, tried the rudder by hand gear and found it took about four men to move it, recommended liftin, 
rudder for examination and found all in splendid order, with eight or ten 9-inch pintles sheathed with 
bronze and gudgeons fitted with lignum vite. The pintles all had a bearing over the full surface of the 
cone at each gudgeon, and I came to the conclusion that there was too much bearing area and consequently 
too much friction. It meant taking out each pintle and relieving the surface, so that the weight was 
taken more on the point of each, or of raising the washer in the heel gudgeon, thus lifting the other 
pintles free, and as time was of great consequence the latter was adopted. 

Since my return to this country, I have seen something of my friend, the superintendent, and upon 
asking him how long the worn wheel lasted after relieving the rudder, he said he did not know, but two 
or three years afterwards he was transferred ashore, and the same worm wheel was there then, and may 
be there to-day as far as he knows. 

Rudders are long suffering parts of a vessel, and time allowed for their upkeep is sometimes limited, 
and their examination consequently superficial, therefore they should receive special attention in design, 
and any extra expense at the outset will well repay the owner in dock charges, delay and upkeep 
afterwards. 

Mr. M. M. Parker. 

We have before us a practical paper which emphasises the need for careful supervision in the 
fitting of rudders ; our warmest thanks are due to Mr. Fletcher for laying his case before us in so 
precise a manner, 

Personally I should like to thank Mr, Fletcher for the kind appreciation he expresses of my 
own work. 

The line of argument set forth in the paper seems to be this: Ships have come under survey with 
rudder defects ; the rudders have been removed and found badly out of alignment ; therefore, concludes 
the author, the observed defects are due to original malalignment. 

Now suppose that a vessel comes under survey after the rudder has been damaged by some external 
force ; would not the same symptoms be found, and would not Mr. Fletcher draw exactly the same 
conclusions as he did in the cases quoted in his paper? I can only think that, if he were unaware 
of the real cause of the damage, he would draw those conclusions, and in so doing he would be wrong. 

I think, therefore, it is wrong to say that the defects described are necessarily due to malalignment, 
and we might consider, further, whether such malalignment is possible in erecting a rudder, and, if so, 
whether it could be blamed for twisted rudder heads. 

It seems almost incredible that a rudder could possibly be fitted in which the head at the deck 
was 1] inches out of line with the axis of the pintles, and yet it is difficult to explain the error, found 
in case A, in the machining of the coupling faces by any other hypothesis than that of original 
faulty workmanship. 
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The usual and proper practice is to test a newly fitted rudder by swinging it from hard over to 
hard over by hand before coupling up the quadrant chains. I do not know if this can be done with 
very large rudders, but it can certainly be done with rudders of moderate sizes, and any tendency to 
bind can at once be detected. In any case, a binding rudder will not work smoothly under steam, and 
the fact that it is out of truth can be detected by vibration or by jerkiness : the symptoms 
are unmistakable. 

Coming now to the second question, iv., could malalignment of the rudder stock be responsible 
for twisting the stock ? Tam inclined to think not. Even assuming that the lower part of the rudder 
were firmly locked by the eccentricity of the pintles, it would appear doubtful whether the force of the 
steam on the pistons of the steering engine would be sufficient, even with the gear ratio of the engine, 
to twist the rudder head beyond its elastic limit. 

The author states at the top of page 8 that... ‘‘one prime factor” (in a rudder being twisted 
by external force) is that the head at its upper part must be rigidly held. This condition cannot prevail 
in the case of the ship with a perfectly aligned rudder and rudder head.” This appears to me to be a 
mistake because the gear ratio of the steering engine is so great that friction prevents the rudder from 
moving the gear, and hence the only elasticity of movement is the almost negligible compression of the 
buffer springs, which in the space of a few inches become solid. Does the author mean to suggest that 
if the rudder is free in its bearings it cannot be damaged by an external force? I think there is 
abundant evidence that it can be so damaged. 

In my opinion the vast majority of damages to rudder heads are due to the rudder having been 
struck by, or having struck some solid object, and a small minority of cases are due to contact with 
heavy seas. 

Tn this connection I might say that since I wrote my paper and its appendix on heavy weather, 
the point of view which I tried to bring to light in that appendix has been shown by experiments at 
the National Physical Laboratory to have been substantially correct. ‘The results of these experiments 
were given to the world by Miss E. M. Keary in a paper read before the Liverpool Engineering Society 
on 7th January, 1925. I might be permitted here, perhaps, to quote from that paper as follows :-— 

“ Experiments were made in waves 6} feet high and 150 feet, 400 feet and 550 feet in length. .... 
The greatest forces on the rudder occurred in waves of 400 feet length (the length of the vessel.—M. P.) 
when the pitching was most severe. With a mean rudder angle of 15 degrees, the percentage increase 
in twisting movement on the rudder stock from that obtained in smooth water at the same angle was 
nearly 50 per cent., and at 25 degrees rudder angle was about 26 per cent.” 

It should be noticed that the proportion of length to height in the waves created in the tank were 
24, 64 and 88 for the 150 feet, 400 feet and 550 feet waves respectively, 7.¢., with waves 400 feet 
long, the length of the ship, the waves were only gyth of their length high, which is nothing like 
so severe as the steep waves observed by investigators in the North Atlantic. In my calculations 
T assumed a wave over five times as high as that used in the N.P.L. experiments, and obtained an 
increase in rudder pressure of something like 200 per cent., Which, remembering the very approximate 
nature of such theoretical investigations, would appear to have been a satisfactory result. 

In conclusion, I think that Mr. Fletcher has rendered important service to the Association 
by drawing its attention to a very important and perhaps not fully appreciated branch of ship 
surveying work. 


Mr. W. L. GruMour. 


The paper contributed by Mr. Fletcher is one peculiarly interesting, the subject coming under the 
notice of the staff on outside surveying duties from time to time, and he is to be congratulated in 
bringing the subject before the Association, and in tabulating the results of specific cases which have 
come under his observation. 

Mr. Fletcher would appear to be more sweeping in his assertions than some of his colleagues would 
care to be when he states that ‘ practically all the defects to rudders, including rudder heads, are 
primarily due to malalignment.” 

His contention that the component parts of the rudder should be in true alignment is one that 
cannot be gainsaid if perfect working is to be attained, and calls for greater exactness in attaining the 
desired result where the overall length of the rudder is great. 
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It is obvious from the figures quoted in the various cases that none of the rudders would have 
proved satisfactory under working conditions. It is at the same time difficult to understand the 
figures recorded for the position of the deck glands in cases A and B due to the coupling faces not 
being square to the axis of the stock, a fault also indicated in cases C and D. 

At the same time, although the speaker has no figures to substantiate his views, it is not thought 
that the percentage of cases of trouble with rudders is of any exceptional extent when one considers the 
large number of vessels navigating the seas, 

Likewise, under present day conditions, with the forges equipped with the latest modern machinery, 
and the necessity imposed by competition in turning out an efficient and satisfactory job, combined with 
the close supervision exercised by the Society’s Forging Inspectors, such variations in alignment 
recorded by Mr, Fletcher ave extremely improbable to occur. 

Mr. Fletcher’s conclusions are concurred in, and it cannot be too forcibly impressed in regard to 
the necessity, where either a stock or main piece is renewed, as to the advisability of the two component 
parts being aligned in the shop prior to the new portion being fitted in the vessel. 


Mr. G. R. Enaar. 


Mr. Fletcher has given very definite examples of malalignment of the parts of the rudder and has 
certainly demonstrated that the occurrence of this fault should be looked for when rudder stocks are 
found to be damaged. _ It is satisfying to know that he also is not inclined to attribute the twisting of 
rudder stocks necessarily to heavy weather conditions, and his paper exemplifies the need of tempering 
theory with practice. 

Whether malalignment is, however, as potent a cause of twisted rudder stocks as the author 
suggests in his deductions can only be decided by examination of a much larger number of cases than 
set forth in the paper. Perhaps Mr. Fletcher would say about what percentage of rudder stock damage 
cases could be, in his experience, attributed to malalignment. From his conclusions it should be 
very large. 

It does not appear to be quite clear, as is contended at the top of page 8, that a permanent twist 
could not occur with a perfectly aligned rudder stock. When a lock or jam occurs with a badly aligned 
rudder stock, there must be applied, in order to produce permanent twist, a sufficiently large twisting 
movement, and this must presumably be caused by the pull on the steering chains, or the water pressure 
on the blade of the rudder. Unless the author rules out one of these movements as never being of 
sufficient magnitude to cause permanent tiwist, then it would seem that this could occur with a perfectly 
aligned rudder stock. 

The author, I think, bears very hardly on the shipyard fitter. Though there may be cases of 
vessels with rudders not properly aligned in the first instance, it is probably not prevalent to anything 
like the extent suggested in the paper. It would seem that the haste displayed by the average marine 
engineering superintendent to get his ship out of dry dock at subsequent dockings affords ample reason 
for any malalignment found at survey. 

If I may say so, Mr. Fletcher has given a paper very much to the point, and an excellent example 
of the application of experience. 

Mr. S. TowNsHEND. 


The author says that “ practically all the defects to rudders are primarily due to malalignment.” 
His evidence might appear to substantiate this and I agree that malalignment could be a powerful 
contributory cause to rudder defects, but I do not agree that practically all rudder troubles can be traced 
to this cause primarily. The primary cause might be heavy weather damage, or grounding, or contact 
with some floating body resulting in malalignment, 

The author suggests that malalignment, in the cases quoted by him, originated with the builders 
(see first paragraph under “ Deductions”), T can hardly credit that this means that the condition of 
the rudders as found at time of survey prevailed when the rudders were new. The malalignments 
reported are so serious that it would be difficult to imagine that the rudders could be shipped at all 
having regard to the clearances which it is customary to allow. The malalignments would be apparent. 
Moreover very considerable force would be required to deflect the head of a rudder stock from 1 in. to 
1{ in, from its true centre (wide Case A) in order to get the deck gland into position. Alternatively, an 
even greater force would be required to close the flanges of the coupling which were 4, in. open at one end. 
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I would like to have the author’s views as to the possibility of the alignment of the rudder and 
sternframe being affected by any changes in the structure of the ship resulting from :— 
1. The difference in loading of the structure when on the stocks and when afloat in light 
condition and loaded condition. 
2. Heavy weather damage. 


Mr. JAMES CARNAGHAN. 


The Staff Association is to be congratulated on adding this practical paper to its transactions, and 
we have to thank Mr. Fletcher for his valuable contribution. 

Some of the previous speakers appeared to be in doubt as to the type of rudder dealt with by the 
author. It may therefore be mentioned that, when Mr. Fletcher forwarded his manuscript, he suggested 
that some sketches might be prepared so as to illustrate the principal defects in the rudders dealt with. 
The descriptive matter was so clear that this suggestion was not adopted, and it was concluded that the 
members would have in mind the usual type of single plate built rudder having from four to six arms, 
when dealing with the points set forth by the author. 

It is thought that even the author will admit that the instances of defects which he has described 
are a very small percentage of the great number of rudders of this type which are in service, but the 
cases cited are very interesting and demonstrate the necessity for careful examination of rudders which 
may have been damaged from various causes. 

From personal experiences in the construction of new rudders it can be stated that generally the 
machining and fitting were carefully carried out. The rudder heads were forged with extra metal on 
the centre at the offset flange, thus providing a definite centre for the turning operation and permitting 
of a large portion of the face of the flange being machined in the lathe, thus ensuring that the face of 
the flange would be at right angles to the axis of the head. 

The excess metal at the flange was removed, partly during the turning of the edge of the coupling 
and the remainder either by a planing or milling machine. 

‘The machining of the main piece presented no special difficulty. 

The arms were carefully marked off on a surface table, their plate surfaces planed, their bosses bored 
to suit the main piece and their key seats slotted, but the pintle holes were only rough bored before 
assembly. After the arms had been fitted and keyed to the main piece and the plate faces of the arms 
tested for fairness, the pintle holes were finish bored. 

From this description it would appear impossible for any of the defects in alignment mentioned by 
the author to be inherent especially to rudders constructed, as is usually the case, by firms who specialise 
in this class of work, 

It would seem more likely for these defects to be the result of damage sustained during service or 
possibly to wedging the couplings apart during dismantling for repairs, and, in some cases, to rebushing 
the pintles and gudgeons without checking their alignment. 

In conclusion, I wish to express my thanks to Mr. Fletcher for the matter contained in his paper, 
which I assure him has been of great interest. 


Mr. A, G. AKESTER. 


Mr. Fletcher's interesting and instructive paper on the “ Survey of Rudders” is, I think, one of 
the best proofs we have yet had of the value of Lloyd’s Register Staff Association. Someone in London 
speaks upon a certain subject, and in a short time a reply in the form of another paper is received from 
one of the Society’s most distant posts. It cannot be expected that exactly the same point of view will 
be observed in both places. The great thing is that through the medium of this Association both points 
of view are expressed. Now Mr. Fletcher suggests that 1 have “very definile ideas” as to the damage 
sustained by rudders and rudder heads through heavy weather. 

Actually, when opening the discussion on Mr. Parker’s paper on “ The Steering of Ships,” two 
years ago, I commenced by saying “. . . . that where one is confronted with a mass of detail gathered 
from all sources there is only one thing to do in discussion and that is to treat the subject quite broadly,” 
and this I proceeded to do. In making the three general divisions as to the causes of the breakdown of 
steering apparatus on board ship, I had in mind the hundreds of cases (a large number of which had 
been examined) that are reported in the press year by year. Information regarding alignment, or rather the 
lack of it, such as is given in the few isolated cases of Mr. Fletcher’s paper, was, of course, not available. 
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In examining the six cases submitted in the paper, I find that the writer says in case “A” that 
- +... it was impossible to decide to what extent the defects were due either to wear and tear or to 
malalignment,” that vessel “E” had at one time been “ grounding amongst boulders” and “F” “ had 
met with an accident at some time.” 

I mention these facts not so much to show that the evidence before us is inconclusive, as to suggest 
that in many cases the bad alignment itself must surely be the effect of some other cause than an 
inherent defect in the rudder. If the rudder is strained, whether by stress of weather, grounding, weak- 
ness of stern, faulty design or any other cause, then surely bad alignment will result, so that even the 
most careful initial alignment is liable to be affected with service. 

Perhaps Mr, Fletcher will be good enough to give these points consideration in his reply. 


Mr. W. Warr. 

Mr. Fletcher has introduced a most interesting and debatable subject, and one which deserves the 
careful consideration of this Society, and the various members of our Association. 

In my experience I have generally found a strange unwillingness on the part of Owners and 
Superintendents to face the problems of repair and investigation of the cause of damage, coupled with 
an unwillingness on the part of Repairers to undertake what is considered necessary in the way of repairs. 

I take it that the cases referred to by the author are those found after some years of service and 
that he does not suggest that they are due to original sin. At the same time cases sometimes occur 
where the damage can be directly attributed to original sin. In one ease which came under my notice, 
the vessel ran aground when passing down the river for her speed trials. The pilot reported that the 
vessel refused to answer the helm. It subsequently transpired that the rudder was only delivered at the 
shipyard the afternoon before the launch, and an all-night job was required to get it shipped in time. 
The centre pintle refused to enter the gudgeon and it was found that it had got slightly bent in transit. 
Instead of fairing the pintle, the gudgeon was heated and bent into line. That most certainly 
accounted for the bad steering. 

I have known several cases of damage arising from the keel striking the ground when the vessel 
was being launched. 

Tt has always struck me as very strange that shipbuilders nearly always demand two meins of 
security in the construction of a built up rudder, In a horizontal coupling, fitted bolts of sufficient 
sectional area are specified, but a key is always demanded in addition. Now, if the bolts are. sufficient 
and properly fitted, a key is unnecessary, and if a key is desired, as the principal security, the bolts 
need only be sufficient to hold the parts together. It is often found on uncoupling a rudder which has 
been in use, that the key is only bearing properly for a distance of two to three inches. Similarly, it 
Seems unnecessary to shrink the arms and fit a key. Surely this procedure shows a lack of faith in the 
efficiency of the workmen engaged on the job. 

The ideal arrangement for the pintle and gudgeon is the brass sleeve and lignum-vitee bush, but 
where this arrangement is considered too expensive, a larger pintle in conjunction with a hard steel bush 
is desirable. Loose sleeves are an abomination and should never be permitted. Where unequal wear 
has taken place, the pintles should be removed and trued up in the lathe and the sleeves should be 
renewed and welded into the gudgeon along its upper edge. At damage and special surveys, the steam 
steering gear should be disconnected and the rudder swung from hard-a-port to hard a-starboard and 
back again, by means of the hand gear alone. If malalignment is present to any degree, it will be at 
once discovered and the cause can be investigated fully. I have known cases where 30° could be 
obtained on one side and not more than 5° on the other side. A ship can never be steered properly 
when such a condition exists. The bearings of the rudder should receive as much consideration as the 
main shaft, and in this respect, ship fitters might take a leaf out of the engineers’ book. 

Attention has been called to damage sustained by waves and floating wreckage, and this is no 
inconsiderable cause of rudder damage. Further, when navigating rivers or shallow seas, the bottom of 
the vessel is dragging along the bottom. Evidence of this is to be found in the scoring of the keel 
seam, and when this scoring is found, it will frequently be found that the heel of the sternframe has 
been set up or bent, and malalignment of the rudder bearings inevitably results. One shipowner 
specified that the heel of the sternframe should be lifted one foot. This necessitated the lifting of the 
propeller centre slightly, and involves a small adjustment in the propeller design, but gives greater 
protection to the rudder and its bearings. 

The thanks of the Association are due to Mr. Fletcher for his interesting paper. 
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Tue PRESIDENT, 


Papers discussed here have for the most part dealt with ships and machinery as structures. This 
paper is a departure in that it deals with an important detail of the ship, and on this account and that it 
is contributed by one of the Society’s Surveyors intimately associated with practice, it is heartily 
welcomed. It indicates a keen interest on the part of the author, and it is unfortunate that he was not 
able to be present to relate verbally to us his experiences. It would appear that the paper found its 
origin in the reading and discussion of a paper on “ Steering of Ships,” read by Mr. Parker two sessions 
ago, and illustrates the value of these proceedings in stimulating thought on matters concerning the 
Society’s work wherever our surveyors are situated. 

I don’t know that I agree with all the author has to say. The paper may be said to consist of part 
truth and part doubtful. The main theme of the paper is the matter of alignment, and the author 
appears to consider that most, if not all, the trouble met with in rudders may be traced to defects in this 
respect. I believe with him that malalignment of the pintles with the axis of the rudder head may be, 
and is, the cause of a lot of trouble even to the extent of fracture of the material, but with all the care 
that may be exercised initially in producing a straight spindle from the rudder quadrant to the lowermost 
pintle, it does not follow that this accuracy will be long preserved after a vessel once begins to encounter 
rough weather at sea. We do not know what forces a rudder is called upon to bear under stress of 
weather, but it is easily conceivable that even with the most careful attention in setting up a rudder, it 
might be so affected as a whole by external bending moments and torsion as to produce a slight 
deflection from the straight in the rudder head, and a consequent severe straining of the coupling bolts 
and eccentric bearing of the pintles in the gudgeons. 

It seems to me that the one thing to do is to make a careful examination of the rudder as often as 
practicable, when the vessel is undergoing survey or when placed in dry dock between surveys. 

In respect of alignment a ruddder is not infrequently compared to a line of shafting. The former 
is intended to be so solidly built that at least for the lower part of the rudder there is little or no 
flexibility between the pintles so long as the latter work truly in their bearings. On the other hand, a 
shaft is relatively flexible between its journals, and due to its tendency to whirl brings strains to bear 
on the as which might easily be serious did they not receive the constant attention of the engine 
room staff. 

Now with a rudder the pintles and gudgeons can only receive attention at long intervals during 
which time the bearings become worn, more or less irregularly, and in consequence the rudder stock 
is likely to become deflected. Rarely will the rudder bear at more than two points at any one time, the 
particular points varying with the length and conditions of service. 

If we could adjust the pintles in their bearings from time to time, just as the Marine Engineer 
attends to the journals of the shafting, I think we should have little trouble with rudders and little to 
report in the nature of defects. 

That the stresses set up are severe is evident from the cases of damage to couplings and other parts, 
and to stern frames themselves, which come to notice from time to time. Most of us who have been 
associated with survey work have met with cases similar to those cited by the author. One such case in 
my own experience was that of a vessel which came through terrific weather in crossing the Atlantic 
with a fractured horizontal coupling. Only five of the eight coupling bolts were effective, and upon 
examination of the broken coupling it was found that only about 20 per cent. of the sectional arm of 
the coupling at the fracture could at any time have been effective. 

Not infrequently do we find that fracture to the stern frame in single screw vessels accompanies 
rudder defect or at least may be traced to the external forces acting on the rudder. In these cases the 
fracture is usually found either in the rudder post near the top of the aperture or at the fore end of the 
lower part of stern frame, each of which is a cantilever and therefore experiences maximum stresses ab 
the positions mentioned, 


CORRESPONDENCE. 
Mr. M. Ropertson. 


I have read with pleasure and interest Mr. Fletcher’s excellent paper on defective working of 
rudders through malalignment, and with his views and deductions as to this, in his opinion, being one 
of the primary causes of failures in rudders through twisting, Iam in agreement ; and I also agree 
with him as to the vital need of seeing that all pintles and rudder braces are in line with each other. 

At the same time I want to point out that the blame for turning out a non-efficient rudder does not 
always rest upon the maker of it alone, but upon some other party, over whom the maker has no control 
—viz., the shipbuilder ; and to show that this is so, I relate an experience of my own when dealing with 
a new rudder. 

Whilst attending at one of the Sunderland forges a rudder was made, and examined by me before 
being forwarded to one of the local shipyards to have the plate fitted, which, having been carried ont, 
the forge folks were advised by the shipyard officials that mainpiece and pintles were out of alignment, 
and they could not ship the rudder into its place. 

In hearing of this from the forge folk, I asked them to have the rudder returned to them with the 
plate in it. This was done, and I carefully examined it all over, then had the rivets all drilled out and 
plate taken off, when immediately post sprang back more than 145 in. The post was tried in lathe and 
found to be correct, as was also the pintles. The post was then laid down on level blocks and the plate 
laid back on it, and it was seen that some of rivet holes in plate were more than half of rivet diameter 
out of line with holes in arms. 

The builders were notified of what I had found out, and were asked to send someone to check it. 
This they did, and I advised them to put in a new plate and drill the holes in it through the rivet holes 
in arms, which cured all the trouble, and I never heard any further complaints from that quarter. 

I was very much struck with the writer’s clear grasp of the essentials that went to the making of a 
good rudder, and I heartily congratulate him on the sound, practical way he had the needed repairs 
carried out on them whilst under his survey, and without spending any more time in criticism, I would 
prefer to lay before him, as well as all my other colleagues, what I consider is the best method of making, 
as well as ensuring, ‘‘a perfect rudder ”—a rudder that will not have embodied in it one of the many 
defects mentioned by Mr. Fletcher in what he designates as Case A, 

The rudder posts—that is, stock and mainpiece and arms—all being forged and undergoing 
machining—will be dealt with in the order mentioned, thus making it as plain and clear as I can how all 
the results that go to the making and building of a perfect rudder can be attained. 

The posts, top and bottom having been machined all over, and swelled parts finished and keyways 
cut in them, and couplings all faced up, are brought together and held by side clamps on flanges, are 
then tried over for alignment, and if found correct are passed, if not, what adjustment is needed at 
coupling faces is carried out till they are found correct. They are then taken adrift, and the mainpiece 
goes into smithy to have the arms shrunk on to it. 

The arms by this time have been either smithed or machined (preferably the latter, the best method), 
have had all the boss part of them bored truly out to gauge to fit the post, keyways cut in them, rivet 
holes along arms bored and countersunk on outside, pintle holes all bored to within, say, 4 in. of pintle 
dimensions, are taken into the smithy for heating and shrinking on. 

They are then heated to the required temperature and put on one at a time, and as they go up and 
on to their marked positions on post a check key is slipped into keyway on post and arm, thus keeping 
them effectively in position till the arm cools and grips (no cooling by water, which is bad practice). 
Thus they are put on till the required number has been reached, and all under the same procedure. 

The mainpiece with arms on is then taken into machine shop and laid down on the pintling machine, 
and the holes are carefully marked off and centred for the final boring out and fitting of the pintles, and 
the 4 inch allowance on the rough bored holes for them is far more than is required for any adjust- 
ment needed after the arms have been fitted, and the post and pintles are truly in alignment. 

We now come to the fitting of the plate—one of the most vital essentials of a good rudder, and which 
if not properly carried out, is, in my humble opinion, one of the most deadly and common causes of 
failures in rudders through distortion of mainpiece and pintles. 
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Shipyard practice-——a small piece of tube and a daub of white paint to denote the position of rivet 
holes before being punched out—have, in my opinion, caused more rudder trouble than faulty con- 
struction has ever done; and T venture to think that it would be worth our Society’s consideration 
that they incorporate amongst their present rules that all drilling of rivet holes in rudder plates should 
be done cireaee the already drilled arms to which they are to be riveted. This would all tend to perfect 
fitting of rivets and riveting up. A rudder free from all stresses and strains throughout its entire 
length would be the result. 

With regard to the deck glands I make no comment, seeing Mr. Fletcher has rightly made mention 
of them, but in cases of repairs or renewals of rudder mainpieces, wherever possible the stock should be 
sent forward to have it fitted to new mainpiece and tried out for aligument. 


Mr. J. G. BUCHANAN. 


Mr. Fletcher is to be congratulated on his interesting and practical paper. A_vessel’s rudder is a 
most necessary and important adjunct, and the survey of such should be treated as of the greatest 
importance. 

I think Mr. Fletcher magnifies the point when he states that practically all the defects to rudders, 
including rudder heads, are primarily due to malalignment. Admittedly twisted main pieces and 
rudder heads could be attributed to this cause, but in my experience fractures to main pieces have a 
different cause. With the majority of fractured main pieces I have particularly noted that the stern 
frame gudgeons Nos. 2, 3 and 4 badly wanted rebushing ; also that the fractures were fairly common 
in their location, that is somewhere between the vertical centre of gravity of the rudder plate and a 
continuation of the centre of the propeller. This seems to indicate that excessive and alternating 
bending of the main piece, and shocks caused by chattering of the main piece in the enlarged gudgeons 
was the cause of the fractures. 

In the case of the older main pieces, these without the swellings at the arms, the material just above 
the third arm seems, for some unexplainable reason, to suffer most by corrosion, when such rudders have 
greatly exceeded their time for having the gudgeons and pintles attended to, then one should make a 
careful examination of the main piece for fractures in way of this corrosion. 

I think it can be assumed that lignum vite bushes and brass sleeves are the ideal bearings for 
radders in the stern frame ; the original cost is greater, but undoubtedly in the long run it is cheaper. 
Examining in dry dock some time ago a sailing ship, the rudder of which was fitted with brass sleeves 
and lignum vite bushes, I was surprised when the old superintendent informed me that nothing in the 
way of rebushing had been done to his rudder for seventeen years, and it did not appear that anything 
would be necessary for some time. It is not suggested that steamers would enjoy the benefit for such 
lengthy periods, but it is surprising that the combination is not more widely adopted by shipowners. As 
an alternative to lignum vite bushes and brass sleeves I am of the opinion that when a vessel is being 
pees if good working black bushes were fitted there would be no subsequent malalignment in the 
gudgeons. 

It is manifest that the amount of wear on each side of a gudgeon is not equal, so that when a bush 
is fitted the centre could easily be ont of truth. 

Mr. Fletcher states in his case A that a working clearance of ,!; inch was allowed in the gudgeon 
bushes for the working of the pintles, I think this is rather a tight fit, the general practice in repair work 
is about 4's inch clearance. 

I agree that the cause of twisted rudder heads is primarily due to malalignment, especially in the 
deck glands. Strangely enough I have under survey at the moment a very flagrant instance of such 
malalignment. A vessel in calm water fell down on a much smaller one, the latter striking the rudder 
plate about the fourth arm and twisting the stock 25 degrees to starboard, the twist in the main piece 
was about four degrees, and that in the head (20 feet long and 10 inches diameter) about 21 degrees. 
When beth were removed for renewal a wire was centred through the gudgeons, which were found true, 
and produced through to the deck glands. That one on the poop was found to be one inch to port 
and °; inch forward. This latter amount apparently did not produce coincidence in the gland and head 
centres, for on closer examination it was found that the inside forward lip of the gland box was worn 
down 4°, inch, also the rudder head in way of this lip was grooved on the forward side toa depth of 
} inch (the vessel is only seven years old). Whether this wearing down process had ceased it is not 
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known, but summing these amounts ,°,, }, ,%, the head was then 12 inch out of line. When the rudder 
received the blow this eccentricity of the head formed an intensive breaking effect in the gland, 
subsequently jamming and resulting in the 25 degrees twist. 

Using the formula in Mr. Parker’s paper (Appendix IV.) to calculate the minimum torque, which 
acted on this 10 inch head thus :— 


bo) “196 sto... 
= 196, 10. 10°. 
= 1,960 inch-tons. 
= 163 foot-tons. 
A quadrant of radius six feet would transmit to the steering chains a strain of “ = 27 tons. 


As the force of the blow which struck the rudder would be of a diminishing nature, it‘is feasible 
that the initial force of the blow would be at least twice that given by the formula, so that the initial 
strain on the steering chain whould have been 54 tons. 

The breaking test for a 1,%, inch chain is 49} tons, so that due to malalignment in the deck gland 
a new head and main piece were required at a cost of some hundreds of pounds instead of a few pounds 
for a new length of steering chain. 

Mr. Fletcher has done well in bringing this subject before us. In my opinion the factor of safety 
employed in the calculation for the size of rudder heads is most necessary in order to counteract the 
lack of accuracy in the making, fitting and maintainance of rudders. 


Mr. G. L. Lyr. 


I have read Mr. Fletcher’s very interesting paper, and do not propose to criticise it, but merely to 
add a few remarks ; his experience of conditions of rudders under survey appears to be similar to those 
of other surveyors on repair work. 

The outline he gives of making and fitting a rudder as regards alignment is somewhat incomplete. 
When the main piece, arms and stock are completed, the plate is still to be fitted to them as follows : 
(1) the placing of the plate into position, (2) the screwing up of the plate and arms prior to riveting, 
(3) the fairing of holes (and drifts are sometimes used for this purpose with disastrous results), (4) riveters 
with insufficient experience of how to rivet such a structure (much depends on this) may considerably 
alter the alignment. 

The sudden shock to rudders caused by stoppers on the steering engine, deck and post, set up un- 
known strains ; spring buffers fitted to steering rods or chains absorb some of the shock, but do not 
appear to be altogether sufficient, and it would be an advantage if shock absorbers were fitted to the 
deck in lieu of the usual steel brackets with wood facings. (There are many vessels fitted with devices 
for reducing shocks.) Too frequently deck stoppers are fitted in wrong positions, rendering them almost 
worthless. 

The usual horizontal rudder coupling appcars to create and assist minor rudder troubles which 
may develop into more serious ones. Owing to its formation, a very poor connection is made at its fore 
end (see Fig. 1), The forward side of the coupling, owing to its lack of support, has a tendency to open 
when the vessel is pitching and plunging in a seaway, wastage sets in rapidly. This could be improved 
somewhat by altering the design so that the bolt effect could be carried forward ; at the same time, 
should stoppers be required on the post, the coupling could be made to form the stoppers, and at this 
position would cause less strain than if fitted lower down the post (see Fig. 2). I have aaa regarding 
the stated value of stoppers fitted well down the post. 

Apart from torsional and other stresses, very many defects first show on the mainpiece immediately 
above the rudder arms, the rule increase of material in way of the arm does not assist as it ought to, the 
swelling only takes place in way of the arms. Seldom do we find defects immediately below the arms. 
‘To overcome this the tapered mainpiece might well be altered in design (see Figs. 3 and 4), thereby 
strengthening the part where it is most required. 

It might be well to mention that thicknesses of gudgeon walls should be given close attention, so 
that too much material is not cub away when reboring gudgeons in connection with rudder repairs. 


12 


With the rudder, the steering arrangements should be also considered. Frequently at Special 
Surveys it is observed that sheaves, blocks, leads and pins are in a neglected condition. The attached 
sheave pin, taken from a vessel under Special Survey a few years ago, will give some idea of what is the 
result . sheer neglect. Of course, this is an extreme example. At the same time, it might have caused 
serious loss. 


It is very wonderful that so many ships plough the seas with rudders and their connections not in 
the best of condition ; yet they carry on without mishap until a dry docking, when repairs may be 
carried out, but even then the ordinary dry docking does not show all the possible defects. 


On the other hand conditions are encountered by rudders in good condition which cause extensive 
damage, not only to rudders and their connections, but also to the general structure of the vessel. 


About three years ago I surveyed a vessel for damage stated to have been caused by exceptionally 
heavy weather, when in mid-Atlantic she was struck by a tremendous sea, the eleven rivets connecting 
the tiller to the quadrant were sheered, and the quadrant fell on the deck. No suitable bolts were on 
board to effect a temporary repair, the vessel tossed about for two and a half days in heavy seas, until 
the ship’s engineers cut some material from the rails and made eleven suitable bolts and fitted same. 
This temporary repair enabled the vessel to reach port, but extensive damage was caused to the hull 
structure, 
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Mr. A. Urwin. 


Mr. Fletcher does good service in focusing our attention on the subject of alignment of rudders. 
From an upkeep point of view the rudder can be a costly item and a great source of annoyance to the 
owner, and the number of ships to which this applies would appear to be fairly large judging by the 
frequency with which one meets with cases of slack bushes, pintles, coupling bolts, etc. 
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It is remarkable that whilst some ships will go for many years with hardly a penny being spent 
on the rudder, others require attention at almost every docking. Good alignment is certainly the most 
important factor which decides into which class a vessel will fall, and in my opinion the next most 
important is the type of pintle and bush. Given good alignment al, the start and pintles that have well 
fitted brass liners working in lignum vite brushes, then rudder trouble is not likely to arise from 
ordinary service conditions. 


The number of times which the ordinary steel bushes have to be renewed appears to be a likely 
cause of poor alignment being developed after a nunber of years, due to the wear in the gudgeons 
making accurate rebushing somewhat uncertain. The cost of landing the complete rudder and checking 
the alignment is too great to allow its being done unless some very definite trouble has arisen. 
Converting to brass liners and lignum vitee bushes after a number of years service does not seem to give 
the same good results as when they are fitted originally. 


Another probable cause of malalignment developing after a vessel has been running some time, is 
the cumulative effects of groundings, heavy weather, etc. The stern frame may receive deformations 
so slight in comparison with the overall length that they are not observable with the rudder in position 
and yet may be sufficient to cause trouble at the pintles or coupling after a time. This must be so if we 
are to accept Mr. Fletcher’s statement that ‘ practically all the defects to rudders, including rudder 
heads, are primarily due to malalignment,” as rudders that have gone long periods without signs of poor 
alignment will suddenly develop these defects. From my own experience I find it difficult to entirely 
agree with the statement that practically all rudder defects can be ascribed to malalignment. The sea 
can do such strange things, and if a rudder happened to be caught by a blow from a sea when hard over 
—say immediately after the breaking of a steering chain—the necessary resistance at the head may be 
provided by the deck stoppers for a twist in the rudder head to be sustained. Again, perhaps the most 
serious defect met with in a rudder, and of which malalignment is not a cause, is the grooving of the post 
of the mainpiece around the rudder arms, usually the Nos. 2 or 8 from bottom, and the fracturing of the 
post in way of the same which eyentually takes place. This phenomena has not yet been quite 
satisfactorily explained or counteracted. 


I agree with Mr. Fletcher that eccentric bushes should not be fitted in gudgeons, but it is a difficulty 
sometimes to persuade the Owners’ representative to this point of view, owing to the cost and delay 
involved by the removal of the rudder head, reboring gudgeons, etc. If fitted, eccentric bushes should 
at least be fixed in position by electric welding. 


Mr. V. C. BiLow. 


I have read Mr. Fletcher’s paper with great interest, but cannot quite agree with his view that it 
is necessary to carry oub surveys on rudders in such an elaborate manner, which is rather too ideal. 


If the same amount of work was carried out in the busy ports in Europe as Mr. Fletcher appears 
to consider necessary in surveying rudders, I greatly fear that trouble would be experienced with Owners’ 
Superintendents, who, as a rule, want their vessels out of dry dock as soon as possible, and do not want 
to spend more money on repairs than is absolutely necessary. 


One old Swedish vessel, which had been repaired in the East, came under my survey recently, and 
the Owner complained very much that his master at the time had been compelled to have new rudder 
shoe pintles with brass sleeves fitted and also the stern frame gudgeons rebored and fitted with lignum 
vitee bushes. 'That the pintles should be renewed when worn he quite agreed to, but that the surveyor 
insisted upon haying the lignum vite bushes and brass liners mentioned fitted to a rudder of the old 
fashioned double plate type he considered was altogether excessive. 


During my experience I have only found it necessary in a very few cases to unship the rudder at 
an ordinary docking survey in order to rebore the gudgeons, though I quite agree that the rudder is a 
vital part of the ship’s structure. In one or two cases, however, it has been found necessary in new 
vessels after the first voyage to fit an additional bearing in the poop for a specially long rudder head. 

In Sweden it is the practice in all larger repair yards to keep a special squad of engineers to deal 
with rudder repairs, and these men become very expert in executing repairs to pintles, etc. 
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When surveying a rudder in dry dock the coupling should always be carefully examined in order to 
see if the bolts are slack or if there has been any movement between the flanges, which at once shows 
itself by the cracking of the paint. In some types of horizontal couplings it appears as if the coupling 
was working at the after end, but it is usually found that this is due to the fact that it has not been 
possible to fit any bolt at the after part on account of the shape of the rudder head. 

When surveying a vessel in dock, proper stages should be fitted in way of the rudder or at least two 
ladders, a short and a long one used, in order that all nuts fastening the pintles may be carefully tested 
by hammering to ascertain if they are slack. This is a most important point, and it will often be found 
that pintles which apparently are in good order prove to be loose when hammered. 

At one port in Sweden it used to be the practice always to lift the rudders for examination every 
time a vessel was docked, a practice which was eventually discontinued as it was considered quite 
unnecessary if the rudder was examined as above, and the pintles were not excessively slack in the 
gudgeons. This can easily be ascertained except in the few cases where the pintles have been fitted with 
the ends extending below the stern frame gudgeons, and therefore no wearing of the lower ends of the 
pintles takes place. 

In my opinion, if the pintles of a rudder are found intact and fast in their sockets and not too 
slack in the gudgeons, and the coupling flange in order, it is not necessary to unship the rudder. The 
rudder head, however, is one of the parts of a vessel which cannot be examined without unshipping, 
and in the case of a rudder being damaged to any extent by grounding or collision, it should always be 
recommended that the rudder head should be unshipped for examination. 

As to the amount of slackness which can be passed this, of course, depends upon the diameter of 
a pint tet but I consider that a maximum of 4; inch clearance all round for a 44 inch pintle can be 
allowed. 

There is, in my opinion, less necessity for frequently lining up a rudder than there is for lining up 
the engine shafting, and it is well known that a shaft can work satisfactorily for years though somewhat 
out of line. 

A few days ago I examined a 10,000 tons twin screw vessel in floating dock at Gothenburg 
subsequent to damage. The lower part of the stern frame was bent 1} inches to the port side and 
consequently the main piece of the rudder too. The rudder blade with lower arms were also bent to port 
to an extent of about one foot. It was recommended in this case that the shell plating in way of the 
stern frame should be partly cut adrift and the frame faired in place, the gudgeons rebored also the 
rudder blade, and the three lower arms with pintles be renewed and the rudder head unshipped for 
examination. Though such extensive repairs were required, it was remarkable that the rudder had 
worked quite satisfactory on the voyage from Calcutta, where the accident occurred, to Gothenburg, and 
the officers on board had not noticed anything unusual with regard to the facility of steering. 

Frequent trouble is experienced in the case of cast steel rudders, and such rudders should be very 
carefully examined especially in way of the root of the gudgeons. In corrugated rudders contraction 
cracks will often appear in way of the corrugations after the vessel has been some years in service. 
When cracks develop in cast steel rudders all defective material should be removed and the cavity filled 
up with electric welding material, and in addition steel bars should be fitted at right angles to the 
direction of the crack and fastened with electric welding, which form of repair can be very neatly done 
and has proved effective. 

As mentioned by Mr. Fletcher, the pintles of a rudder are frequently found loose in their sockets, 
but this, I believe, is often caused by the taper of the pintles being excessive. I have found the taper of 
pintles vary as much as from 1°7 to 1°21. In my opinion the taper should never exceed 1°12, as otherwise 
the pintles work loose. A taper of 1°20 is too little, and makes it difficult to remove the pintles 
for renewal. 

Mr. Fletcher also refers to oval liners turning in the gudgeons and thereby locking the rudders. In 
order to avoid this possibility all such bushes should be secured by electric welding to the top edge 
of the gudgeons, 

I hope it will not appear as if my criticism of Mr. Fletcher’s interesting paper emanates from an 
idea that the rudder is not a very important part of the ship. My intention has only been to point out 
that it is possible, in my opinion, to satisfactorily carry out surveys of rudders without undue labour 
and expense, 
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Mr. A. W. Jackson. 


The Author is to be congratulated on bringing the subject of the survey of rudders up for discussion 
amongst the Members of the Staff Association, 

While agreeing with him as to the method of procedure which ought to be employed to ensure the 
correct working of rudders, in my opinion, when a ship has been in service, the main factor that a 
Surveyor has to contend with is that of expense. 

How many Superintendents would agree to the delay and expense incurred, when on an ordinary 
docking survey, it was found necessary to rebush a number of gudgeons, and recommendations were made 
that the rudder be removed and tested for alignment, and a wire stretched through the mean centre line 
of the gudgeons, and the same bored out and rebushed as necessary ? 

Usually the cause for the excessive wear on certain pintles and gudgeons is seldom investigated, and 
the time in dry dock will only allow of rebushing, the position in which the pintles are found when the 
rudder is amidships being the criterion for the size of the bushes, 

It would appear that if the utmost care in the alignment were exercised during the building, 
subsequent repairs and renewals after service would be greatly reduced. 


Mr. I. AUREL. 


Mr. Fletcher’s paper is one of considerble general interest, and my experience entirely supports his 
view that the fitting and alignment of rudder heads often leave much to be desired. 

It may be remarked here that the greatest number of damages or defects to rudders are found to be 
to the mainpiece, especially if made of cast steel, between the wind and waterlines, due in all probability 
to the corrosion which attacks this region of the outside of a ship, and which in the case of a rudder is 
also where the maximum stresses occur through slackness of the gudgeons, the worst condition being 
when the vessel is in ballast and the rudder is more exposed to the direct action of waves. 

It is regretted that, not infrequently, the amount of care given to such an important part of a ship 
is not the same as that given to any parts of her engines. 

In the case of stern bushes there is an understood maximum wear down at which renewal of the 
lignum vite or white metal is regarded as necessary. It is perhaps unfortunate that, generally speaking, 
no such uniform practice exists when dealing with rudder gudgeons. 

Another point which may be referred to here is that surveyors are often questioned regarding the 
attachment of a permanent fin plate to increase the rudder area. This should be allowed where the 
actual minimum diameter of the rudder head permits, and additionally, where a careful examination of 
the present condition of the whole of the rudder, especially for old rudders, proves entirely satisfactory. 

As a further consideration in the case of rudders intended for fast vessels, the dimensions of the 
arms, Which are usually of great length, should always be decided on merit regardless of tabular scantlings, 
and on this point it is satisfactory to note the riveting and the parallel arms which are now required for 
rudders of new ships. 


Mr. A. Warr. 


In his paper on the “Survey of Rudders,” Mr. Fletcher has given us several interesting examples of 
malalignment and bad workmanship. J 

Fortunately for the shipowner and the surveyor such examples do not occur frequently, otherwise 
the surveyors would have rather a Worrying time in convincing masters or superintendents of vessels 
under docking survey that such extensive repairs are necessary. 

The author’s remark in the last paragraph on page 5 confirms this. 

Under Case A, page 3, first line, it is noted that a flaw 10 inches long was found in the key seat 
at the head of the rudder stock. It would be interesting to know if the end of the key seat was square. 

In my opinion all key seats in shafts should have the ends half-round, in order to have a gradual 
change of section. Sometimes, in the case of a rudder stock, the key seat is milled out and the end has 
the radius of the milling cutter. 
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In many old vessels we find the radder pintles are bare steel (without a brass sleeve), and the 
gudgeon bushes are lined with white metal. This, in my opinion, is a very bad practice, and should not 
be encouraged. The best practice, in my opinion, is to have brass sleeves fitted to the pintles, and 
lignum vite bushes in the gudgeons. I should be glad to have the author’s opinion on these points. 


Mr. R. CRAWFORD. 


After reading Mr. Fletcher’s excellent paper on the “ Survey of Rudders,” all will agree how very 
essential it is to have alignment of all the wearing parts. 


His paper may be divided into two parts : Alignment and Malalignment. 


Part I. “ ALIGNMENT.” 


In this part he outlines the method of alignment in detail, pointing out the parts where dis- 
crepancies are likely to present themselves, and the difficulties experienced in attempting to avoid them. 


With a view to greater simplicity and accuracy the following notes and proposals may be of 
assistance :— 


Rudder Arms. (a). The keys may be the same size for all arms. Unnecessary to have 
various sizes. 

(b). Proposed that they be eliminated and electric welding be adopted, With arms shrunk 
on the mainpiece and a fall continuous weld at the top and bottom of the arm as shown on 
sketch, the strength of the joint would be amply maintained. 

(c). Proposed that the riveting of the arms also be eliminated and electric welding be 
adopted, the sectional area of the arms being reduced. 

Coupling. (a). Difficulties with offset couplings are minimised, if a transversely-placed 
vertical coupling is adopted. This type is also much easier to forge. 

(b). A key or feather is now no longer required. 


Part II. “ MALALIGNMENT.” 


Several very interesting cases of malalignment are cited, and although many will agree that this 
defect ultimately caused most of the damage to the wearing parts, they will not agree that it was 
primarily responsible. 


The question is whether these parts were malaligned at the time the vessel was delivered by her 
builders, or whether this defect occurred later. 


The author contends that this defect was there originally. 


Malalignment to such an extent in the case of a new vessel appears enormously excessive. With all 


the wearing parts with little or no wear to them, it would be difficult to turn the gear, and the steering 
engine would be almost sure to jam on the trials. 


The writer’s opinion is that many cases of malalignment are caused by the twisting of the vessel’s 


afterbody when struck by a heavy following sea on the port or starboard quarter, or by excessive rolling 
in the ballast condition. 


a amounts of the deflections are proportional to the overall length of the rudder mainpiece 
and head. 


In case A the overall length of 57 feet is unusually long, and probably refers to a vessel with a 


cruiser stern, and the steering gear on the poop deck which means that the length of the head would be 
about 35 feet. 


On examination of the deflections in this case it will be noticed that they are all to the starboard 
and mostly forward, and gradually increase until a maximum is reached at the poop deck, which suggests 
that the entire structure may have been twisted to the starboard and raised at the stern and thrust 
slightly forward due to the stresses from a heavy following sea striking the port quarter. 
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As regards the twist of 8° on the rudder head, this, as the author says, may have been caused by 
repeated jammings of the steering gear due to malalignment, the amount being greatly increased by the 
excessive length of the rudder head. 

In exceptional cases such as this, the overall length should be born in mind and compared with 
the average length, the diameter of the rudder being suitably increased as necessary. 


Case B appears to be very similar, only it is deflected to the port side. 

Slack pintles, liners and bushes are in most cases, caused by corrosion due to galvanic action. 

They may be occasionally caused by vibration due to the lack of sufficient local stiffening in way of 
the steering engine, and in special cases where vessels are very high powered, to vibration from’ the 
action of the propellers. 


Our thanks are due to Mr. Fletcher for placing on record these interesting cases, and for the 
advance copies of this paper circulated in Japan, 


REPLY BY THE AUTHOR. 


T am pleased that so many of my colleagues have found the subject matter of my paper sufficiently 
interesting to arouse so much debate. While this is very much appreciated, I note that many cannot 
agree with my conclusions, but hope the following replies will still better define my point of view and 
bring converts to it. 

Mr. Gardiner suggests that it might be more expedient to make a rudder main piece parallel in lieu 
of the existing method of having a taper in its length. It is interesting in this connection that 
Mr. Lyle also suggests alterations being made to the existing type of main piece, but with a different 
point in view. 

I do not think that the suggested alteration in type is necessary. It should be noted that a parallel 
main piece is not feasible, it being desirable that there should be a variation of sizes for the purpose of 
shrinking on the arms, but particularly for withdrawing them in case of repairs or renewals. In any 
case, if pintle sockets are tested for alignment, after the rudder arms and plate have been assembled, any 
discrepancy can be corrected. 

Mr. Gardiner asks my opinion as to whether the flaws found in cases A and B were caused 


through latent defect or over stress. I have no hesitation in saying that the latter was the cause of 
each defect. 


He assumes that some of the cases dealt with are vessels with cruiser sterns. I may say that only 
one of this type is included in the cases cited, but others have come under my observation. His 
expressed views in this matter merit consideration, and I regret that I have not had the same extended 
experience of vessels of that type, as of those with ordinary counter type sterns. It may interest 
Mr. Gardiner to know that defects in rudders and rudder heads of vessels of the latter type are prolific, 
and it is only a question of whether defects in these members could be of a more extensive character in 
vessels having cruiser sterns. 


Mr. Gardiner takes up the subject of the two types of rudders, namely, one as fitted to a vessel with 
a cruiser stern, and the other to the ordinary stern, and deals with defects found in the scarphs of the 
stern frames fitted in the former type ships. I admit there is some point in his argument, but it may be 
that the difficulties experienced in some vessels in maintaining tight rivets in their scarphs may be 
attributable to malalignment of the rudder, as great stress can be placed upon the upper part of the 
rudder post, namely, at the top gudgeon, through malalignment of a rudder head, Furthermore, it 
would be difficult to compute the stresses placed on such members by rudder pintles not well supported 
in all the gudgeons. 


As regards Mr. Gardiner’s suggestion to increase the rule size of the rudder post and the riveting of 
the scarphs, I am of the opinion that before such action was considered, particularly troublesome cases 
might be investigated, all defects in the rudder made good, and these vessels be kept under close 
observation, after which it would be apparent whether there was any weakness to be compensated. 
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Mr. Bryden must be congratulated on his intimacy with the works of the Immortal Bard, for his 
quotation while being most uncommon is particularly apt. 

I think the defects styled by Mr. Bryden as due to erosion of the main piece would more correctly be 
attributable to corrosion. 

As regards surface flaws in the main piece between the arms, these can be caused by the flexing of 
the main piece and subsequent fatigue, due to malalignment of the pintles and gudgeons, and/or the 
pintles being a slack fit in the gudgeons, likewise the main piece would corrode in particular parts from 
the same causes. 

The case which is cited of the defects in the rudder of a trawler is interesting. It has all the 
elements of original sin, and there should have been evidence of it long before it assumed such a critical 
state. Shakespeare, when he wrote “ Fortune brings in some boats that are not steered” was perhaps 
prompted to do so by the thought of the fate of the others, under similar circumstances, that did not 
make port. 

I have to particularly thank both Mr. A. L. Jones and Mr. John Lambert for emerging from their 
retirement to take part in this discussion. 

Mr. Jones comments upon the particulars given (especially in case B) as being rather puzzling. 
I am in agreement with him, and would add that in some cases dealt with one has wondered how the 
rudder has worked at all. He also draws attention to the importance of making the bearings, especially 
that at the uppermost deck, efficient bearings in the engineering sense. In making these remarks he no 
doubt had in mind the usual but inadequate type fitted to the uppermost deck where the bearing 
generally consists of a cast iron deck fitting made to receive shallow lignum vite or cast iron chocks, and 
which are wedged up to their work by long cotters. In practise it is found that these bearings are rarely 
properly fitted, and apart from the inefficient support that they give to the rudder head, there is no means 
of checking the adjustment of the chocks, both as regards the fit to the rudder head and maintaining the 
correct centre. 

Mr. Lambert gives us some interesting information’ based on his long experience, and I think the 
last paragraph of his remarks merits repetition, namely, “ Rudders are long suffering parts of a vessel and 
time allowed for their upkeep is sometimes limited and their examination consequently superficial ; 
therefore they should receive special attention in designing, and any extra expense at the outset will well 
repay the owner in dock charges, delay, and upkeep afterwards.” 

I have to thank Mr. Parker for his kind reception of my paper, also for the criticism of various points, 
and in this connection regret that I cannot see eye to eye with him as regards some of his conclusions. 

In the third paragraph of his remarks he states as follows :— The line of argument set forth in the 
paper seems to be this: Ships have come under survey with rudder defects; the rudders have been 
removed and found badly out of alignment ; therefore, concludes the author, the observed defects are due 
to original malalignment.” In this connection I would say that in each case the rudders were known to 
be out of alignment before either the rudder or the rudder head were removed, and to an extent to warrant 
this measure being adopted. | Furthermore, the nature of certain defects conclusively proved that there 
was original malalignment. 

In the fourth paragraph of Mr. Parker’s remarks he quotes as follows ;—‘t Now suppose that a vessel 
comes under survey after the rudder has been damaged by some external force; would not the same 
symptoms be found, and would not Mr. Fletcher draw exactly the same conclusions as he did in the cases 
quoted in his paper? I can only think that, if he were unaware of the real cause of the damage, he 
would draw those conclusions, and in so doing he would be wrong.” ' 

I am somewhat surprised to learn that Mr. Parker thinks that I cannot discriminate between 
damage to a rudder from external forces, and that due to malalignment. In cases of rudders damaged 
by external forces there is always direct evidence of the nature of the force applied, by the bending of 
the rudder plate and arms, resulting in bent pintles and/or broken gudgeons, and various other minor 
evidences of the cause of the damage. It is, therefore, obvious that the evidence of damage caused by 
external forces is as clearly defined as are defects due to malaligument, provided one considers it in the 
practical manner. 

Coupling the above two paragraphs of Mr. Parker’s remarks, he would seem to contend that 
practically all defects to rudders are due to damage rather than by malalignment. 
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In his seventh paragraph Mr. Parker states :—“ The usual and proper practice is to test a newly 
fitted rudder by swinging it from hard over to hard over by hand, before coupling up the quadrant 
chains. I do not know if this can be done with very large rudders, but it can certainly be done with 
rudders of moderate sizes, and any tendency to bind can at once be detected. In any case a binding 
rudder will not work smoothly under steam, and the fact that it is out of truth can be detected by 
vibration or by jerkiness ; the symptoms are unmistakable.” 


I agree that it is good practice to swing a newly fitted rudder, but if care and close supervision is 
given to the exact alignment of all wearing parts before fitting, a minimum of working clearance be 
allowed in the gudgeon bushes for the working of the pintles, and the rudder head glands properly 
adjusted, there is no question of any part binding, and the swinging of the rudder is, therefore, only a 
precautionary measure made to satisfy all interests. I may add that a large rudder, if correctly hung, 
can be freely swung. As regards the last sentence in the above paragraph, | would say that, ordinarily, 
a rudder or radder head out of line will not, necessarily, cause vibration, nor will there be jerkiness 
when worked under steam; but should such symptoms prevail, they would denote extremely abnormal 
defects in alignment. 


As a case in point, I had a vessel that narrowly escaped a collision, due to her not answering her 
helm when going full speed. She had just left port, and her Master was so concerned over the incident, 
that he returned and had the steering gear examined, also the rudder inspected by a diver. It appears 
that the steering engine was found in excellent condition throughout, and as regards the rudder the 
diver reported no damage. Upon the engine being coupled up, it was tried under steam, and the rudder 
worked apparently freely from hard over to hard over, without any evidence of vibration or jerkiness. 
Subsequent to this, the vessel again got under way and the rudder was again tried when the vessel was 
running at full power, and it was found that she would not go hard over on one helm. In these 
circumstances, and due to the fact that she was practically fully loaded, a certificate was issued enabling 
her to proceed on her voyage, subject to an outside passage being taken and not the usual shorter route 
through inland waters. 


Subsequently, the vessel touched at this port. I made an examination of the gear under steam and 
found all apparently satisfactory. The chocks of the upper deck gland and the packing in the upper 
and lower ‘tween deck glands were removed as recommended, and it was found that the rudder h sad 
was bearing hard on the forward side of the clearance hole in the upper deck fitting, and on the after 
side of the neck rings of both "tween deck stuffing boxes. At this time the rudder coupling and locking 
pintle gudgeons were submerged, and later when the vessel had been sufficiently lightened, an examination 
was made of these parts. There was evidence of the coupling faces not being close at the forward 
side (there was rust between the faces at this part), and as regards the locking pintle, the lock nut of 
this was in its original position and close up to the cotter pin, while the deep nut and the screw thread 
of the pintle were stripped, the pintle also being slack in its socket. Here were all the elements of 
malalignment, and it should be noted that this vessel was then only two years and three months old, and 
that the Master assured me that he knew of nothing that could have caused these defects. The ship was 
subsequently dry docked for further examination, the rudder and rudder head were disconnected, removed, 
and tested for alignment. The upper deck gland was found out of line with the gudgeons 12 inches aft, 
and {% inch port; the upper "tween deck gland out 7 inch aft, and 4%, inch port ; while the lower deck 
gland was out 3 inch aft and 2 inch port. The rudder head was coupled to the rudder and tested for 
alignment. It was found necessary to drop (set aft), the rudder head bodily { inch and to wedge open 
the faces +§¢5 inch at one part to bring the upper end of the head in line with the pintles. The amount 
the rudder head had been out of line and working eccentric to the pintles was 17 inches. The amount 
the rudder head was bodily out of line with the pintles, namely, } inch, was, so far as my experience is 
concerned, abnormal, and would clearly indicate a grave error in the original construction of the rudder, 
To expedite the work and to obviate the reaming out the coupling bolt holes and fitting new bolts, the 
rudder head was recoupled in its original position and pintle sockets aligned to same by reboring as 
required. It may be added that when the pintle sockets were originally tested independently, Nos. 2, 3, 
and 4 were each found out of alignment ,!, inch, while Nos. 4 and 5 were found to be oval. The 
gudgeons were also tested, and Nos, 2 and 3 were each found out of line + inch. 
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Apart from the cases cited in the paper, the foregoing amply demonstrates that malalignment 
cannot readily be detected by the working of a rudder under normal working conditions as contended by 
Mr. Parker; but I would say that the symptoms of the disease can be readily diagnosed and are 
unmistakable. 


Coming now to Mr. Parker’s second question, could malalignment of the rudder stock be responsible 
for the twisting of the stock ; Mr. Parker thinks not, but goes on to discuss the matter from his point 
of view, not mine ; that is, he assumes eccentricity of the pintles, and the power of the steering engine, 
as the necessary factors in the twisting of a rudder head. 


This, and the subsequent paragraph of Mr. Parker’s remarks, appears to me to be twisting the issue, 
for he certainly does not attempt to refute the basis of my argument, but on the other hand brings in 
factors that are irrelevant. Mr. Parker asks, “ Does the author mean to suggest that if the rudder 
is free in its bearings, it cannot be damaged by an external force ?” Decidedly not ! 


It should be noted that I have in no way adversely criticised Mr. Parker’s point of view as outlined 
in his paper and its appendix. That matter, and also the experiments carried out at the National 
ge Laboratory by Miss E. M. Keary, which supports Mr. Parker’s theory, is extremely interesting ; 
and it is gratifying to know that such an important subject is having eminent technical consideration. 
At the same time, in dealing with the case under review, namely, twisted rudder heads, I think 
Mr. Parker will admit that in this, as almost all matters, there are two sides to a question, and that 
while he endeavours to show what external force is necessary to twist a rudder head, he does not consider 
the other side of the question, namely, that there must be a corresponding force at the upper end of the 
rudder head to hold it rigid while the external force is being applied. 


In conclusion I think that Mr. Parker will the more readily see my point of view by a perusal of 
Mr. Buchanan’s remarks, particularly his clear description of a case of a badly twisted rudder head that 
he then had under survey. 

Mr. Gilmour considers that I am more sweeping in my assertions than some of my colleagues would 
care to be as that :—“ practically all the defects of rudders, including rudder heads, are primarily due to 
malalignment.” 

In reply I regret to state that I am forced to my expressed opinion solely from the point of view of 
experience. 

He also states:—“It is not thought that the percentage of cases of trouble with rudders is of 
exceptional extent, when one considers the large number of vessels navigating the seas.” Unfortunately, 
I have to record my opinion that the percentage of such cases is high. 


Mr. Townshend in the first paragraph of his remarks does not discriminate between actual damage 
to rudders and defects in same, due to other causes. The purpose of my paper was to show the 
cumulative effect of malalignment as distinct from purely damage cases. He assumes in the second 
paragraph of his remarks that the defects noted in the paper were present from the time the vessels were 
built, and concludes by assuming that the flanges of a coupling which were ,%, inch open at one end were 
that way originally. In my paper I endeavoured to show that while certain defects were original, they 
were the direct cause of others developing and the original ones being magnified. 


As regards his queries:—1. In my experience I have had no evidence of the rudder and stern 
frame being affected in the loading of the structure when on the stocks and when afloat in light and/or 
loaded condition. 2. Concerning the question of the above parts being damaged by heavy weather, I 
have to say that one has had ample evidence of such damage by indirect causes, due to such accidents as 
the breaking of steering chains, etc., and by malalignment. 


The method described by Mr. Carnaghan for the construction of new rudders, especially the manner 
in which the coupling faces of rudder heads are machined, leaves nothing to be desired ; unfortunately 
however, in so far as my experience in the East goes, this practice does not obtain. 


As regards the assembling of the rudder arms to a mainpiece, Mr. Carnaghan states that the pintle 
holes were finished bored after the plate faces of the arms are tested for fairness. I think that this 
operation should be deferred until the rudder plate has been fitted and riveted ; or, alternatively, if the 
holes Ley been bored, they should be tested for alignment after the work of fitting the plate has been 
completed, 
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As Mr. Carnaghan states, it would appear impossible for any defects in alignment of rudders to be 
inherent, in view of the care taken in the assembling of the parts as described by him ; but, as will be 
dealt with later in this discussion, it would seem that the purely engineering part of the work is entrusted 
to specialists, and that afler their work is completed it is passed on to the shipbuilder, who then has 
every opportunity of working in a vast amount of original sin into the structure. 

In qualifying his remarks when opening the discussion on Mr. Parker’s paper on “ The Steering of 
Ships.” Mr. Akester goes on to say: “ In making the three general divisions as to the causes of the 
breakdown of steering apparatus on board ship, I had in mind the hundreds of cases (a large number of 
which had been examined) that are reported in the Press year by year.” (The italics are mine.) 

Being as I am, in Far Cathay, the information that is available in London to Mr. Akester is denied 
to me; but I have to thank him for corroboration of my estimate that many cases of accidents to steering 
apparatus occur year by year, and that the number of such extends into the hundreds annually. 

In these circumstances it would appear that there is ample evidence for the necessity of very close 
observation being given to this most important matter of breakdowns of steering apparatus. Generally 
speaking, it would seem that many of these cases are treated mainly from the point of view of damage 
due to assumed external forces ; whereas the probable cause is fundamental malalignment. 

In the third paragraph of his remarks, Mr. Akester, quoting several cases dealt with in the paper, 
draws attention firstly to my statement in part regarding Case A, namely, “ .. . it was impossible to 
decide to what extent the defects were due either to wear and tear or to malalignment.” I might qualify 
these remarks by adding that the pintle sockets referred to had been stretched and deformed, evidently 
at some considerable time previous to my examination, and in consequence of the pintles being slack in 
their sockets there would be considerable wear in same caused by continuous movement of the rudder, 
also by the chattering of the pintles in bad weather conditions. I think it will thus be seen that while 
the original defect was caused by malalignment in the sockets, it was aggravated by the abnormal 
conditions under which the pintles were working, and in these circumstances it would be difficult to 
discriminate between the two types of defects. 

With reference to Mr. Akester’s remarks regarding cases E and F, that both had suffered at some 
time an accident to their rudders, it would seem that Mr. Akester assumes that I do not acknowledge that 
rudders encounter damage from other sources than by malalignment. The object of my paper was to 
illustrate the effects of malalignment as distinct from damage sustained by other causes ; 1 would add 
that numerous cases of the latter have been dealt with by me. 

Mr. Akester concludes by suggesting “that in many cases the bad alignment itself must surely be 
the effect of some other cause than an inherent defect in the rudder.” I think it has now been amply 
demonstrated that this is not so. 

Mr. W. Watt hits the nail on the head in the second paragraph of his remarks in which he states : 
“In my experience I have generally found a strange unwillingness on the part of Owners and Super- 
intendents to face the problems of repair and investigation of the cause of damage, coupled with an 
unwillingness on the part of repairers to undertake what is considered necessary in the way of repairs.” 
In the matter under review, I would say that where a case of malalignment has been diagnosed, and the 
symtoms are obvious, it is to everyone’s interest, particularly owners’, to have the defect put right, and by 
so doing save considerable enhanced expense at a later date; not to mention safeguarding against a 
possible accident. 

As regards Mr. Watt’s remarks anent the fitting of a key in a horizontal coupling, and to the fitting of 
keys in rudder arms, I think that these are not superfluous members ; I have known several cases where 
in the first instance they have supplemented loosened coupling bolts, thereby diminishing the sheer on 
same; and the keys in rudder arms have been of material assistance where rudder arms were found a slack 
fit on the main piece. In this connection it is well to insure against the frailty of human nature as regards 
defective workmanship. 

I certainly agree with Mr. Watt when he states that the ideal arrangement for the pintle and gudgeon 
is the brass sleeve and the lignum vitze bush. A great deal has been said from time to time concerning 
this method of fitting being too expensive ; but personally I consider any alternative method is, after all 
“penny wise and pound foolish”; and in my opinion the matter of cost is so insignificant that I deem 
the fitting of brass sleeves and lignum vite: bushes to gudgeons should be adopted as standard, and be 
incorporated in the Rules, 
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I am also at one with Mr. Watt when he states that “The bearings of the rudder should receive as 
much consideration as the main shaft, and in this respect shipbuilders might take a leaf out of the 
engineers’ book.” In this connection my experience goes to show that there is a lack of uniformity in 
practice, and should the care be given to rudder bearings as indicated by Mr. Watt, there would be less 
cause for worry and expense in connection with rudders, and the only major repairs necessary would be 
those directly attributable to outside forces, 


I am sorry the President cannot agree with all I have to say in the paper; he remarks that it may 
“be said to consist of part truth and part doubtful”; to me the matter appears obvious, but for the sake 
of argument, should part be doubtful, the remedy is closer observation of the rudders on the lines 
indicated, when I think the doubtful element would soon be eliminated. This contention is supported by 
Dr. Laws himself in the sixth paragraph of his remarks where he states : “It seems to me that the one 
thing to do is to make a careful examination of the rudder as often as practical, when the vessel is undor- 
going survey, or when placed in dry dock between surveys.” So far as existing ships are concerned, these 
views are excellent, and eminently necessary ; but the advice might be supplemented by including the 
necessity for closer supervision in the case of new vessels, 


When Dr, Laws in his ninth paragraph refers to the inadequacy of keeping the pintles adjusted in 
their bearings, he here again touches upon a very important detail of the subject, and one which in 
practice is not fully appreciated. Much has been said in this discussion about the extra cost involved 
in fitting brass sleeves to pintles and lignum vite bushes to gudgeons; so it would appear that to make 
the gudgeons adjustable in the strictly engineering sense, while necessary for an ideal job, unfortunately 
would generally be precluded owing to the question of cost. A good’ deal, however, could be done in 
making the pintles originally a closer fit in the gudgeons, and not allowing them to become as slack as they 
are usually found. In this connection I know of a vessel having pintles 12 inches in diameter where the 
clearance for same in the gudgeons was only 31;inch. In this case it is apparent that those having 
control of this work had confidence in their work as regards alignment, and were not guided when 
assessing the clearance by what a Chinese would describe as “olo custom.” 


I am pleased that in the concluding paragraph of his remarks, the President states :—* Not 
infrequently do we find that fracture to the stern frame in single screw vessels accompanies rudder defect, 
or at least may be traced to the external forces acting on the rudder.” This is a point that I had 
contemplated bringing out in the paper to emphasise the further disastrous effects of malalignment. In 
my experience I have had a number of stern frames fractured at the forward end of the sole piece, and in 
circumstances that had not involved the question of grounding or any other damage. In view of the 
foregoing, I formed the opinion that the sole piece being a cantilever, subject. to alternating stresses, and 
aggravated by malalignment, the result was ultimate fatigue and fracture. I might add that Dr. Laws 
refers to the question of fractures of stern frames, firstly as regards the rudder post near the top of the 
aperture, and secondly, at the fore end of the lower part of stern frame. In my experience the original 
fracture has always been in the sole piece, and a fractured post is the result. 


I think that when Dr. Laws’ remarks are carefully summed up his views are little divergent 
from mine. 


Mr. Edgar asks what percentage of rudder stock damage cases could, in my experience, be attributed 
to malalignment ? In reply I would say there is evidence to show that all cases of damage to this part, 
except those due to latent defect, could be attributed to malalignment. 


{ do not follow Mr. Edgar's reasoning in the third paragraph of his remarks. He refers to two 
possible twisting moments, namely, that caused by the pull on the steering chains or the water pressure 
on the blade of the rudder. In dealing with the cause of the twisting of rudder heads, I endeavoured 
to demonstrate that the necessary force must be applied to the blade of the rudder, steering chains and/or 
steering engine directly coupled’ to a rudder quadrant not being factors in the prime reason for twisted 
rudder heads. 

Mr. Edgar takes exception to my adverse criticism of shipyard fitters. While my remarks on this 
subject were necessarily only of a general character, I might now include, in the same general manner 
(vide Messrs. Robertson and Lyle’s remarks), those who fit and rivet rudder plates. 

I am particularly pleased that Mr. Robertson has been so kind as to enter into this discussion, 
seeing that he is intimately acquainted with the methods employed at home in the building of rudders : 
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also for giving us the detail of procedure as adopted by him. I think if the matter was treated generally 
in the same efficient manner as described by Mr. Robertson there would be little cause for the subject of 
my paper. 

It is interesting for me to learn that the building of rudders at home involves two parties, and it is 
to be regretted that this practice obtains as demonstrated by Mr. Robertson. It has often puzzled me 
to know how it was that pintle sockets were out of alignment in the case of fairly new vessels ; this 
point has now been satisfactorily solved. In my experience in the making of rudders, the rudder plate 
has always been titted and the holes drilled in situ, so that perfectly fair holes are obtained, and, 
subsequent to the riveting of the rudder plate to the arms, the alignment of the pintle sockets is 
checked, It would appear to be necessary, where rudder plates are riveted at a shipyard, that pintle 
sockets should be tested for alignment after the above operation has been completed. 

Further to the foregoing, I would remark that when I referred in my paper (page 2, paragraph 6) 
to the assembling of the rudder in the shop, I meant the completed rudder, that is with rudder plate 
fitted and riveted, which is the practice here. 


The bending of a main piece due to bad workmanship in fitting and riveting a rudder plate, as 
described by Mr. Robertson, raises the question as to the extent of deformation to stern posts, caused by 
the riveting of the shell plating to same. Any bending of the post, particularly in a twin screw vessel, 
is immediately reflected in the alignment of the gudgeons. In these circumstances it appears prudent 
to rough bore the gudgeons before stern frames are seb up in the ship and that they be finished bored 
after all the riveting in way of the frame has been completed. I may add that this method has been 
adopted by me in recent new vessels built. under my survey with excellent results. Iam pleased to say 
that builders and repairers with whom I have been in contact willingly adopted the above suggestion. 
Years ago the method outlined would have occasioned a deal of labour due to hand boring, but in these 
advanced days a small electric motor makes light of such work when builders and repairers are equipped 
with suitable self-feeding boring bars. 

Mr. Robertson’s advice as regards the fitting and riveting of rudder plates is timely ; and it is hoped 
that suitable arrangements will be made in the fitting to obviate the serious mal practice that he so clearly 
demonstrates. 

Mr. Buchanan joins issue with me and thinks I magnify the point that practically all the defects to 
rudders, including rudder heads, are primarily due to malalignment. He is of the opinion that the 
majority of fractured main pieces are due to Nos. 2, 3, and 4 pintles being a slack fit in the gudgeons, 
the fractures being fairly common in their location. I agree that these fractures can be attributed to 
excessive and alternating bending of the main piece, and shocks caused by chattering due to the want of 
support in the area referred to; my reason being, as described in the sixth paragraph on page 8 of the 
paper, namely, “As regards the bend in the main piece, this can be accounted for by the want of support 
from the pintles and gudgeons, in way of the bend due to malaligment of these parts.” I am glad that 
Mr. Buchanan has raised this point, for while I have had no experience of these fractures, I have felt 
convinced that they were attributable to the above cause; that is why | particularly referred to the 
fractured main pieces in cases B and. I think that had Mr. Buchanan tested the gudgeons and pintle 
sockets for alignment when dealing with fractured main pieces, he would have modified his opinion; and 
I think it well to state here that whenever a main piece, rudder head or stern frame is found fractured, or any 
other serious defect has developed (other than defects clearly attributable to damage in the damage sense), 
the whole of the working parts and bearings of the rudder and head should be carefully checked for 
alignment ; and I feel sure that by so doing a truer solution of the problem would be obtained than by 
any other mode of reasoning. 

Mr. Buchanan refers to excessive corrosion of the older type main pieces just above the third arm. 
I think this is directly due to the flexing of the main piece under working conditions, as it is known that 
corrosion is active when there is a movement in an iron or steel structure. (See Dr. Pickworth’s paper on 
“ Corrosion.”’) 

In allowing ,)y inch clearance for the fit of pintles in gudgeons, Mr. Buchanan thinks that this 
amount is too neat, and states that the general practice in repair work is about ily inch clearance. | 
might here say that the amount of the jy inch that I allow is actually less when the gudgeons are 
immersed in water, as lignum vite, which I have had in mind when dealing with gudgeons and bushes 
throughout my paper, swells slightly in water. 
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Mr. Buchanan comes to terms with me by the able manner in which he deals with the twisted rudder 
head so clearly described in the latter part of his remarks ; and his calculations of the force that did the 
damage appears unimpeachable. 

I am pleased that Mr. Lyle has brought out the point regarding the fitting and riveting of a rudder 
plate. Like Mr. Robertson, he has misunderstood my reference to the assembling of a rudder, which as 
previously stated, was intended to include the fitting of the rudder plate prior to aligning the pintle 
sockets. Mr. Lyle’s suggestion in the matter of the fitting of shock absorbers is worthy of serious 
consideration. 

He deals with irregularities in the fitting and riveting of rudder plates as found in his experience, 
and it is pleasing to know that he appreciated the dire results resulting from such malpractice. My 
own experience supports Mr, Lyle’s statement that deck stoppers are too frequently found fitted in wrong 
positions. Where there is a combination of rudder and deck stoppers it is rarely found that these would 
come into operation in their true relationsbip. 

In the fourth paragraph of Mr. Lyle’s remarks he refers to the poor connection made at the forward 
end of the usual horizontal rudder coupling, and he gives his opinion that due to this, there is a tendency 
for the coupling faces to open at the part named, and, in consequence, wastage sets in rapidly. In this 
connection [ have always found that when the rudder couplings are open, as described by Mr. Lyle, the 
cause is malalignment in the rudder and glands, thus preventing the couplings from being brought 
face to face over the whole surface. I would here emphasise that when this condition revails, it is not 
always possible to insert a feeler, as, due to the fault, rust fills up the gap ; consequently the rusty condition 
at one part is the only evidence of trouble ; it is therefore prudent to deal with this as a symptom 
of a serious disease. 

As regards the defects in main pieces described by Mr. Lyle, I think these are mainly attributable to 
the causes as set forth in my reply to Mr. Buchanan on this subject. 

I am in entire agreement with Mr. Lyle’s remarks regarding the necessity of close attention being 
riven to steering arrangements generally. The lubrication of sheave pins leaves much to be desired. It 
is frequently found that the oil gutter ways are cut in the wrong position, hence the lubricant rarely 
reaches the part where it is required. Furthermore, lubrication 1s frequently impossible in heavy 
weather; and, due to the same cause, any oil there may have been on the pins, is washed out. It is also 
often found that oil holes and gutter ways are completely choked with dirt. For these reasons I have for 
some time past when steering apparatus has come under survey, suggested that gutter ways be cut the 
proper way in relation to the bearing parts of pins; also that grease be used instead of oil. This medium 
insures effective lubrication at all times and can be readily applied either by the fitting of grease cups, or 
a grease gun can be utilised. If the latter contrivance is adopted, screwed plugs should be fitted to the 
holes made to receive the nipple of the grease gun, thereby keeping the gutter ways and the wearing 
parts free from dirt. These simple measures, while costing slightly more than the old ones, will soon 
repay Owners for their adoption, in addition to reducing friction at many points. 

I think Mr. Urwin, in the second paragraph of his remarks, sums up the factors necessary for a 
perfect rudder. 

His statement: “Converting to brass liners and lignum vite bushes after a number of years 
service, does not seem to give the same good results as when they are fitted originally,” is, in my 
opinion, incorrect. Of course, it may be that when Mr, Urwin has made the change, he has not gone far 
enough, in so far as perhaps he only dealt with the alignment of the pintles and gudgeons. With 
the high percentage of rudder heads out of line with the pintles, and with rudder head glands out of line 
with the gudgeons, it is apparent that if the whole were tested and dealt with, there is no reason why 
a rudder should not work as well then as when perfectly fitted and new. 

I think the fourth paragraph of Mr. Urwin’s remarks perhaps places blame wrongly. He contends 
that probable causes of malalignment developing after a vessel has been running some time are the 
cumulative effects of grounding, heavy weather, &c. ; and he goes on to say that rudders that have gone 
long periods without signs of poor alignment will suddenly develop these defects. It would appear that 
Mr. Urwin presumes that the majority of rudders that have come under his observation have initially 
been perfect from the alignment point of view. When one realises the extent of the defects that are 
found due to malalignment and to the unknown number that have had rudder plates fitted as cited by 
Messrs. Robertson and Lyle, it is no wonder that grave defects so suddenly develop as described by 
Mr. Urwin. In these circumstances it seems that where the history of a rudder is not known in its 
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making and maintenance, it is often the practice to blame some outside factor, such as a minor grounding, 
or heavy weather, instead of a hidden cause, for defects that have developed. 

I think the grooving of the main piece around the rudder arms, described by Mr. Urwin, is 
attributable to the same causes as outlined in my reply to Mr. Buchanan. 

Mr. Biilow adversely criticises the manner in which the surveys on rudders are dealt with at this 
port, which he describes as ‘elaborate and rather too ideal.” In reply I would simply say that there 
are in the main only two ways of carrying out such work, namely, the wrong and the right; and it 
seems to under estimate the point to describe the right way as “ too ideal.” 

Mr. Biilow appears to think that the venue of surveys on rudders is a factor; but I contend that 
wherever the work is carried out, either “ in the busy ports of Europe,” or, as in this, the reputed third 
largest in the world, provided there are proper facilities for dealing with it, the matter should have all the 
attention it merits. With reference to Mr. Biilow’s fears that trouble would be experienced with Owners’ 
Superintendents who do not want to spend more money on repairs than is absolutely necessary, I would say 
that in my meanderings round the world, I have found Owners’ Superintendents human, in the sense that 
there are happily those who realise that “ the first cost is frequently the last cost,” and there are others ! 
As regards the latter body, it is my experience that where work is essential these gentlemen can also be 
brought to see one’s point of view, always having in mind that repairs would not be requested unless 
absolutely necessary. 

Mr. Biilow, in the third paragraph of his remarks, deals with a case of a vessel that had been 
repaired in the East, which later came under his survey, in which connection he states that the Owner 
complained very much of the extent of the work carried out. This reminds me of a case of a Swedish 
vessel that came under my survey at this port. She had a double plate rudder, the pintles of which in 
two cases were wasted down to a diameter of 23 inches, the original diameter being 4} inches. The 
gudgeons also were somewhat phenomenal, in so far that there was a range of 1 inch in the bore, and in 
one there were three black bushes while the remaining four gudgeons had two bushes in each. I should 
add that the heel pintle had been cropped at some time and a shoe pintle fitted. At the time of my 
examination, the fastenings were found very slack, and generally, as a pintle, it was useless. In view of 
the above defects, I think it will be appreciated that there was only one thing todo. I might state here 
that the making and fitting of shoe pintles, when properly done, is an engineering job, requiring extreme 
nicety. In this connection, considering the work involved as above, it would appear that one would be 
wanting in duty if it was not submitted to the Master and/or Superintendent of a vessel, as in this case, 
that it would be prudent to fit brass sleeves to the pintles. Suppose that this suggestion had not been 
acted upon, within a short period, the pintles would become wasted and slack in the gudgeons, resulting 
in the loss of symmetry and alignment. When one considers the expense involved in fitting shoe pintles, 
it would appear prudent to make that charge the last ; for when it is necessary to deal with this type of 
pintle it involves further additional expense and delay. It might be added that had the original pintles 
been fitted with brass sleeves, or even steel ones, the necessity for renewal would never have arisen. 

As regards the gudgeons, as stated previously, there was a range of one inch in the bore of same, 
and the condition of the holes was bad. In these circumstances it was necessary to rebore them, and fit 
lignum vite bushes, owing to the Master having decided to fit brass sleeves to the pintles. The Captain 
of this vessel was a reasonable man, but in view of the extensive repairs carried out to the rudder of his 
ship, it would be interesting to know what explanation he made to the Owner, especially in the matter of 
fitting brass sleeves to the pintles and lignum vita bushes to the gudgeons. 

Mr. Biilow’s advice anent the examination of rudder couplings and bolts, pintles, &c., is good ; also 
his reference to adequate facilities being given in the Shape of ladders for the inspection ; but it is 
necessary, should defects as described by him be found, to correctly diagnose the cause of same, and then 
deal with the subject in a proper manner. Ithink Mr. Biilow mistakes symptoms for a disease. In the 
first place, there is nothing to cause coupling bolts to slacken unless originally badly fitted, except mal- 
alignment. As regards pintles slack in their sockets, this also, unless originally badly fitted, is attributable 
to the same cause. 

In these circumstances, it becomes apparent that to harden up slack coupling bolts or pintles will 
have no beneficial effect ; in fact, by so doing the disease is aggravated. 

In dealing with the amount of slackness permissible in old work, he states, in his opinion 3, inch 
all round for a 44 inch pintle could be allowed. This, of course, is an actual clearance of 2 inch, and it 
needs no stretch of imagination to picture the slamming of a rudder in a seaway with its pintles so slack. 
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In the matter of pintle clearance, Mr. Biilow gives it as his opinion that there is “less necessity for 
frequently lining up a rudder than there is for lining up the engine shafting, and it is well known that a 
shaft can work satisfactorily for years though somewhat out of line.” In the first place, I would observe 
that, provided a rudder is in alignment, and all the working parts a close fit, there is no necessity for 
frequently lining up, in fact, I have several vessels under observation whose rudders were efficiently dealt 
with some years ago, and at the moment there is no apparent wear in the bearings. 1 think that Mr. 
Biilow’s reference to shafting working satisfactorily for years although somewhat out of line, is a matter 
of degree, and in this connection accidents would be less frequent if the risks taken in this matter were 
fewer ; while I might add, it will be appreciated that it is good engineering practice to maintain working 
parts of machinery in good alignment, as it is only then that satisfactory results can be obtained. 

Mr. Biilow suggests that where eccentric bushes are fitted to gudgeons they should be secured by 
electric welding, the bush to the gudgeon at its upper edge. I fail to see how bushes fitted as described 
could be correctly placed for alignment, and it would appear necessary where such a measure was adopted 
to align and bore out bushes in place: This being so, there does not seem to be any point in fitting 
eccentric bushes and boring same, when the gudgeons themselves may be bored to line and concentric 
bushes installed. 

In dealing with eccentric bushes in case E in my paper, I omitted to mention that they were of 
lignum vite. In this connection I am glad to say that the fitting of lignum vitee bushes to gudgeons 
and brass sleeves to pintles is becoming more general, and it is to be hoped that this will soon be 
standard practice. 

I think Mr. Jackson seems to be in agreement with the subject matter of my paper, and I regret 
that he also foresees trouble with many Superintendents should it be necessary to deal with defective 
rudders in an efficient manner. This matter has been dealt with in my reply to Mr. Biilow, which I think 
meets the case. 

I am pleased to note that Mr. Aureli’s experience in the survey of rudders supports my views as 
expressed in my paper. I note he also finds that rudders generally do not receive the attention they 
merit ; his contention that they should be given as much as is bestowed upon engines being sound. In 
this connection it does not appear to be generally appreciated that a rudder is a piece of mechanism 
requiring somewhat delicate workmanship in the making, and subsequent maintenance. 

Mr. A. Watt has formed the opinion that cases of malalignment are infrequent. The writer would 
be happy if he could concur in this view; the number of cases dealt with at this port alone, would 
disprove his contention. During the last twelve months, sixteen vessels have had major repairs to their 
rudders ; and at the moment three similar cases are in hand. 

In his reference to the flaw found in a key way in a rudder stock, Mr. Watt has evidently 
inisunderstood the position which he took to be at the head instead of in the coupling. 

Referring to the query relating to pintles with plain bodies and gudgeons bushed with white metal, 
the writer deems this a pernicious practice, and fortunately it is not met with as frequently as hitherto. 
It cannot be claimed that this method is cheap, but it is certainly nasty. The writer has had many cases 
where gudgeons bushed with white metal have corroded to an alarming extent. In one instance the walls 
of gudgeons originally 2} inches were wasted down to a thickness of 4 inch. 

While on this subject it may be well to add that, in many vessels, the rudder gudgeons are not fitted 
with bushes of any description, and the pintles are plain in the body. In consequence of the holes in the 
gudgeons and the bodies of the pintles having been machined, the surfaces of each are very readily 
attacked by corrosion, the effect of which, combined with wear and tear, are bad holes and the pintles a 
very slack fit in same. It is at this stage that trouble arises, as the gudgeon holes are neither round, 
square or oval, and very likely they are tapered. It is impossible, in these circumstances, to fit proper 
bushes to the gudgeons, but steel bushes (not machined) are unfortunately sometimes fitted. In other 
cases white metal is poured into the gudgeons, the pintles being used as mandrils. It will be noted that 
when these methods are resorted to the alignment of the gudgeons has not been maintained. 

Of course the right and proper procedure with bad gudgeon holes is to rebore them. 

Further to the foregoing details, it should be noted that when it is found necessary to renew a pintle 
or bush the others should hae uniform working clearance, otherwise if the new pintle or bush is a 
reasonably close fit all the load on the rudder is taken up at that particular part. 

As previously stated, the first cost of fitting pintles with brass sleeves and lignum vitee bushes in the 
gudgeons is so trifling that it merits being adopted as standard. 
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Mr. Crawford suggests that the key ways in the rudder arms be cut a uniform size. This, I deem, 
would not be in order as the dimensions of certain keys would be out of proportion to the bore of the 
respective rudder arms. 

With reference to his suggestion to eliminate keys and substitute electric welding at the top and 
bottom of the arms as shown in his sketch, this matter, also the suggestion to weld rudder arms to the 
plate, is one for the consideration of the Committee; but provided the method were approved it would 
appear that the proposal would not be good practice owing to the fact that should a rudder so constructed 
be damaged it could not be disassembled and repaired, as in the case of rudders built under existing 
methods. 

Mr. Crawford refers to difficulties with offset couplings, and suggests that these would be minimised 
if vertical couplings were adopted. I do not agree that there are difficulties with offset couplings other 
than what may occur in dealing with the other type. In fact, of the two, apart from the point that a 
vertical coupling is easier to forge, the horizontal coupling is in my opinion to be preferred, and this 
would appear to be supported by the fact that horizontal couplings are more generally adopted than the 
vertical type. Furthermore, of the two, the horizontal coupling would appear to be the stronger. Its 
bolts are in shear and are supplemented by a key. On the other hand, the bolts in the vertical type 
coupling are subject to alternating stresses which would tend to stretch them and cause the nuts to 
slacken andjor the bolts to break. Unfortunately, 1 have had no experience with the latter named type of 
rudder coupling. 

Reverting to Mr. Crawford’s suggestion that there are difficulties with the horizontal coupling, it 
would appear that he refers to the alignment of same as compared with the vertical type. In the former 
case the coupling face is square to the axis of the main piece, and presuming the key way is truly cut in 
both faces there is a good guide for the centre of the main piece and rudder head being maintained at the 
coupling. Any discrepancy in the machining of the rudder head coupling face can be readily dealt with 
as described in the paper. On the other hand, the vertical coupling in its making presents difficulties in 
so far as the coupling face has to be machined independently of the main piece itself. The rudder head 
coupling face has to be similarly dealt with, hence, by the complication of machining greater error may 
be expected than in the case of the horizontal coupling. 

It has also to be pointed out that in a vertical coupling the bolts are the only means of maintaining 
the two parts in alignment with one another, and therefore great care would need to be exercised in correctly 
boring and reaming out the coupling bolt holes in their correct position. 

Regarding Mr. Crawford’s opinion that malalignment of rudders can be attributed to the twisting of 
the after body of a vessel due to being struck by a heavy following sea on either quarter, or by excessive 
rolling in ballast trim, 1 would say that this theory, in my opinion, is not well supported. The amount 
of the twist necessary to cause such malalignment of rudders and rudder heads as described in the paper 
would no doubt result in permanent evidence of this defect in the vessel’s structure, and this, so far as I 
am aware, has not been detected. 

Mr. Crawford also suggests that in unusually long rudder heads these be increased in diameter. 
This, in my opinion, is unnecessary, as provision is made for bearings (glands) at the various decks through 
which the rudder head passes, and provided they are efficient and their alignment correct, the rudder head 
can be considered practically as rigid as one of a shorter length. It might here be added that I think 
the deck plating in way of rudder head glands may be doubled with advantage. A number of fitted 
holding-down bolts should also be utilised, or suitable angle bar chocks be riveted to the decks to prevent 
any tendency to side motion of the glands. 

Mr. Crawford states that slack pintles, liners, and bushes are in most cases caused by corrosion due 
to galvanic action. In my experience the result of galvanic action is found where gudgeons are bushed 
with white metal. This matter has been dealt with fully in the reply to Mr. Watts’ remarks. 

In conclusion, I trust I have not unduly laboured my point. Judging by the tenor of certain 
statements in the discussion, indicating inadequate attention at surveys, and in view of the subject’s vital 
importance, it has appeared necessary to stress my argument. 

Mr. Akester has drawn attention to the great number of vessels sustaining mishaps to their rudders 
during the course of a year. When it is considered how serious the consequences may be, either by this 
occurring when a ship is off a lee shore in heavy weather, or to the danger of foundering in violent 
weather at sea, it will be appreciated that particular care to all parts of steering apparatus is essential. 

I wish to thank those of my colleagues who have contributed to this discussion, also for the criticism 
and suggestions made, 


THE BASIS OF HULL STRENGTH. 


By G. R. EDGAR. 


Reap 127TH JANUARY, 1927. 


The consideration of any question of strength can always be divided broadly into two main parts, the 
first the assessment of the loads to be borne and the second the evaluation of the ability of the structure 
to withstand the demands made on it. This, of course, is universally true, whether the whole or the 
smallest part of any structure is being considered. Without placing any limit on the extent or type of 
loading, the second consideration obviously depends on the capability of the material of construction for 
satisfactorily enduring the stresses imposed on it. This latter constitutes, therefore, the foundation of 
strength, and it is to some aspects of this that it is proposed to refer. A certain amount of what follows 
will be found to be more or less common knowledge; it was, however, considered necessary to introduce 
it so that continuity should be preserved. It would first appear that an examination of those properties 
which are called into play on service is necessary, together with consideration of the measurement of these 
by the tests ordinarily employed. 


HISTORY. 


It is of interest to review shortly some landmarks in the testing of materials and to examine how the 
strength problem was regarded in days gone by. Galileo, in 1638, is credited with having first experi- 
mented on the strength of materials, as did also Mariotte about 1686. In 1729 Muschenbroek published 
results of the determination of the tensile strengths of materials carried out by him at Leyden. On the 
theoretical side Hocke enunciated his famous law in 1678, and Young defined an elastic modulus in 1807. 
It should be noted, however, that this definition does not correspond with the modulus with which 
his name is associated. Systematic testing of materials of construction apparently did not become a 
practice till the early part of the nineteenth century, but as structures came to be analysed into struts 
and ties, further investigation of tensile and compressive strength of materials was undertaken. Thus 
testing machines up to 100 tons capacity were constructed at Paris. In 1817 Barlow published the 
results of tests made at Woolwich on the strength of various materials, while Hodgkinson, in this country, 
and Vicat, at Paris, contributed largely between 1830 and 1840 to our knowledge of absolute strength 
values. At this time the practice developed of working with a permissible stress obtained from the 
ultimate strength with a factor of safety. From the earliest days, starting from Galileo’s problem, the 
mathematical theory of elasticity had been continuously developed, but it was not until about 1860, and 
after Saint Venant’s classical memoirs were published, that there was a beginning of a union between theory 
and technical practice. There was then some width separating the two, even as there is, though possibly 
to a smaller extent, to-day. ‘The continued reduction of this gap is not only desirable, but isa necessity if 
progress is to be made. As improvement was effected in testing appliances, attention became focussed, as 
far as metals were concerned, on the limit of proportionality and the yield point, so that ultimately it was 
held that the limit of proportionality was a well defined point, and that if the working stress were kept 
below this no permanent deformation would result, it the reserve of strength up to the ultimate 
strength provided a margin of safety in the event of overload occurring, 

Failures under stresses less than the ultimate repeatedly occurred however, and it became established 
that failure could result from repetition of a stress less than the ultimate stress, and that this was due 
neither to deterioration of the metal nor primarily to vibration. At the instance of the Board of Trade 
Sir William Fairbairn, in 1861-2, carried out repeated loadings on a wrought iron built girder, which 
showed that failure could occur under repetition of a load which did not produce failure when applied 
simply as a dead load. But in 1871, Wohler published the results of his famous experiments on repeated 
direct, bending, and torsional stresses in iron and steel. These experiments were the first which sought 
to define the magnitude of the repeated stresses, and showed, according to Wobler, that safety, under 
varying conditions of straining action, depends not at all on the maximum stress but only on the range of 
yvarlation of stress. 
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Since Wohler’s time a large amount of experiment and investigation has been carried out on the subject 
of repeated stress, but two names are of first importance, those of Bauschinger (1881) and Bairstow 
(1909). Bauschinger demonstrated that the limits of proportionality under tensile and compressive 
loading, obtained on first testing a specimen, are not fixed values for a material, but that the application 
of cyclical variations of stress can cause great variation in them. This subject had been to a certain 
extent investigated by ‘Thomson, in 1848, but the theory seems to have been entirely ignored until 
Bauschinger published his results. Bauschinger differentiated between what he called *“ primitive” 
elastic limits as found on loading a previously unstrained specimen, and ‘“ natural” elastic limits which 
obtained after the specimen had been subjected to a few reversals of stress. The range of stress between 
the “natural” elastic limits appeared to agree very closely with Wohler’s range of stress for unlimited 
repetitions of alternating stresses, and it was thought that the failure of specimens subject to repetition 
of stress began when the extensions produced were not wholly clastic. It may be noted that while 
Bauschinger’s results constituted considerable evidence for his conclusions, the latter could not be 
considered as finally established. Bairstow’s classical experiments, however, read before the Royal Society, 
in 1909, indicated the soundness of Bauschinger’s work, and, with slight modifications, the latter has 
received further confirmation by later experimenters. 

Very great assistance was afforded to the study of the structure of metals by the metallographic 
microscope, the use of which began to be developed about 1895. The belief that under repeated stress 
metal crystallised and became brittle began to receive its quieius, while the discovery of slip bands and 
the researches of Ewing, Rosenhain, and Humphrey, in the early part of the twentieth century, emphasised 
the basic difference between static failure and the progressive failure under repeated stress. 

Although a detailed account is not desired here, it is essential to refer to the continued investigation 
and research which has been carried on during more recent years up to the present time, both in this 
country and in America. In our case stimulus was doubtless deved from the urge of war, and under the 
auspices of the British Association, the Aeronautical Research Committee, and at the National Physical 
Laboratory, the diverse aspects of the problems have been investigated by a large number of experimenters, 
amongst whom, Haigh, Lea, and Gough, are essentially prominent. In America, the University of 
Illinois has materially advanced our knowledge. 

At the same time, while this is true of research and experiment, the testing of materials of construc- 
tion on a commercial basis has remained to a great extent where it was, and to-day comprises, for the 
main part, the determination of ultimate tensile strength and percentage elongation, and a demonstration, 
in the shape of a bend test, of capacity to withstand deformation. 


HULL STRENGTH. 
(a) SPEcIAL FEATURES. 


The consideration of the stresses brought into play in parts of the hull structure on service differs to 
a large extent from that applied to most civil and marine engineering structures in that the loads to be 
borne are more indefinite and varying, while the type of construction adds peculiar difficulties to assess- 
ment of stress values even under assumed conditions of loading, and renders exactness for the most part 
impossible. At any rate, whether impossible or not, the values so obtained are not generally regarded as 
final, but a comparison is effected with other similar vessels known to have been satisfactory, Whilst it 
is considered that as far as possible all needless cloaking of the true strength position should be avoided, 
it is probable that the continual checking and comparison with experience, has resulted in a more efficient 
structure than had the stress calculations been derived from first principles. At the same time the value 
of the stress actually resulting on service being obscured, it becomes of greater necessity to consider the 
type of stress and the ability of the material to resist it. 


(B) TYPE oF SHIP STRESSES. 


With regard first to loading producing structural bending longitudinally, this, being caused by the 
differences between weight and buoyancy over the length of the ship when passing over a series of 
waves, results in one cycle of loading being gone through with the passage of each successive wave. 
The resulting stresses are generally considered of the greatest importance, and of course alternate, for 
the upper and lower portions of the ship between tension and compression. In general, for average 
cargo and passenger ships, the higher value in the deck is tension, and in the bottom compression, so 
that the material of the deck experiences successive changes from tension to a smaller compression, and 
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back to tension, whilst in the bottom the largest stress is compression, but otherwise the variations are 
similar. In oil vessels, for the average loaded condition, the nature of the higher stress is reversed, the 
worst stress on the keel now being tension, and in the deck compression. Abnormal loading is here 
excluded. The relative values of these stresses referred to are those derived by the standard method 
of calculation, and the actual may depart from these by a greater or lesser amount, so that it will 
be enough to note that reversal of type of stress takes place, that the maximum values of tension 
and compression may not be the same, and, that the period of one complete cycle is the period of 
the passage of the wave. 

Tt will similarly be found that this period of the wave is one which comprises the period of 
practically all the variations of stress. 

Similarly with transverse structural strength the passage of the wave introduces periodical 
variations into the supporting buoyancy on any considered transverse section, and in this case the 
fluctuations would appear to be, for the greater part, of one kind without reversal. 

With regard to the local loads, water pressure, deck loads, and those on deep tank bulkheads, the 
first of these, water pressure, obviously varies with the passage of the wave. As to the remainder, these 
are normally for any loading condition, static loads, but owing to the motion of the vessel, whether it is 
considered transversely or longitudinally, being of a regularly repeated nature, there will be, due to the 
accelerations possessed in consequence from time to time by the masses causing load, forces of an 
impulsive nature set up, and resisted by the parts of the structure. The periods of these impulses will 
be related directly to that of the wave motion. The impact from waves, with which a yessel also has to 
contend is, from its nature, seen to be repeated with more or less regularity. And, finally, the straining 
actions called into play by pitching, heaving, and rolling, all taking their rise in regularly repeated 
oscillations, must necessarily be of a repeated nature themselves. 

The foregoing short resumé coyers practically all the forces giving rise to stress in the hull structure, 
and it is seen that, either entirely or in part, they all produce stress having more or less regular 
variations, sometimes attended by complete reversal, at others by fluctuations only, but that the essential 
governing period throughout is that of the wave. It should be noted that the great majority of these 
stresses haye the nature of tension and compression, resulting from bending, and, on account of this, 
consideration is mainly directed thereto. 


(c) Prriop aND NUMBER OF REPETITIONS. 


It is now proposed, therefore, to examine what the period of the wave is and how large it bulks in 
the life of a ship. 

Taking the speed of deep sea waves as given by the VY? = 1°8 L, V being in knots and L in feet, 
the speed of a 600-ft. wave is approximately 32°9 knots; of a 400-ft. wave, 26°8 knots; and of a 200-ft. 
waye, 19 knots. Considering, for the moment, waves 200 feet in length meeting a ship of speed 9 knots, 
then, with a head sea, the number of waves met in a minute would be 14°2, and 5 with a following sea. 
The attached table shows the general scope of the variation in the number of wayes met per minute, 
with the speed of ship and length of wave. 
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These fipaves illustrate then the rate vat repetition of stress, though they can only fe regarded as true 
under the limitations made, There i is, unfortunately, not a great deal of reliable information regarding 
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actual observations at sea of the speeds and sizes of waves, but from what there is, it would seem that 
waves 600 feet in length and over are encountered in storms in the Atlantic and Pacific, and that a high 
sea would mean wayes of about 350 feet in length. 

With a frequency of repetition of 8 per minute and a speed of 9 knots, a ship would meet with, in 
1,000 
rg Tre 
say 54 million repetitions. This would presuppose a total sailing of 100,000 sea miles, and this is a very 
moderate estimate. It may be mentioned that from analysis of statistics relating to the taking of the 
American Expeditionary Force to France, each vessel employed on the service covered, on the average, 
allowing for the necessary time in port at either end of the voyage, 3,500 miles per month, and completed 
6 round voyages, of 7,000 miles, per year. This means a total of 42,000 miles per year, which, assuming 
a life of only say 15 years, would mean 630,000 miles, so that the 100,000 nautical miles and 5} million 
repetitions previously referred to, becomes only a fraction of the life of the ship. From the point of view 
of total number of repetitions therefore, it can be said that the material has to endure repetition 
almost indefinitely, even when allowance is made for a rate of repetition less than that assumed. It must 
be noted, however, that the longest single voyages are about 6,500 nautical miles in length, so that the 
largest number of continuous repetitions would be of the order of 850,000 on the above basis, a matter 
which will receive notice later (page 8). 


1,000 sea miles, 7 x 60 = 53,330 (approx.), repetitions of the wave, and in 100 such voyages, 


LIMIT OF PROPORTIONALITY. 


As has been noted, the limit of proportionality as a permissible stress, formerly formed the basis of 
estimation of strength in engineering structural design, and to a very large extent it does so still. It 
would appear axiomatic, however, that the value of a material ought to be assessed on its ability to 
withstand the conditions which will be imposed in service. 

From the considerations just detailed, it is apparent that the structural and local stresses in the 
structure of a ship, are of a repeated varying nature, and under these circumstances it appears legitimate 
to doubt whetker the limit of proportionality afiords a proper standard from which to measure the 
limiting permissible stress, it being derived, as it is, from a single loading of a specimen. Very few, if 
any, structures are loaded once, and once only, without fluctuation. The adoption of the limit of 
proportionality would, however, be justified did it afford a measure of the qualities brought into play 
during repeated loading, but as will be noted later, this is not so, neither generally, nor as regards the 
wrought ferrous metals. 

In the determination of the elastic limit as usually carried out, the value found is dependent to a 
large degree on the delicacy of the measuring instruments, and owing to the nature of the evaluation 
made, to the exactness of plotting of the stress strain diagrams, so that the accuracy with which the result 
represents the desired value is in many cases doubtful. And when the result is obtained, what does it 
signify? It is a value derived, by once loading a specimen, usually direct from the maker, and, therefore, 
having been subjected to all the initial rolling, cooling, or forging strains involved in the manufacture, 
and these cannot be expected to affect different test pieces alike. 

Moreover, subsequently, when the material is a part of a structure, the relationship of its limit of 
proportionality as primarily determined to any stresses which it is required to bear, appears even more 
obscure. Bauschinger and later Bairstow, showed that the elastic limit has not a constant value for any 
one specimen, but shows considerable variation from the primary determination when subjected to a few 
cycles of alternate compression and tension. Under stresses of one kind only, the value of the elastic 
limit can be raised by strain even so far as nearly to the breaking stress. 

Thus the limit of proportionality of a specimen having been primarily determined, and the material 
used in a structure, loading may then be experienced which bas the effect of raising or lowering in the 
material the value just determined. If this be so, the short lived nature of the value found, appears 
seriously to limit its claim, either to govern the permissible stress to which the material should be 
subjected, or to represent a measure of the value of the material. 

Further, the strength of a material under repeated stress has been found to depend on that of a 
microscopic portion of it. The limit of proportionality, on the other hand, depends on the behaviour of 
an appreciable mass of the material, so, that, on this account, it would not be expected to be a 
satisfactory criterion for materials subjected to repeated stress. 

It may be that the importance of the limit of proportionality as now determined dates back to the 
days when the science of metallography was little developed, and when metals were regarded as 
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homogeneous and isotropic with an elastic limit having a definite value. The questions that the designer 
requires answered, however, with regard to his material, are, what is the behaviour of the material under 
extended repetition of stress of the type experienced on service, and what is the limiting stress below which 
fracture will not occur under such repetition? It is difficult to realise why a knowledge of the value of 
the limit of the proportionality should supply an answer to these questions. There is thus brought into 
view the endurance, or fatigue limit, as it is called. 


OUTLINE OF FATIGUE CONSIDERATIONS. 


A very large number of experiments have been performed to establish, if possible, the existence of a 
fatigue limit, or limiting range of stress, for completely reversed stresses at which failure would not occur 
even if the number of reversals were indefinitely repeated. Indefinite repetition is, of course, impossible, 
but experiments on a basis of up to 10° or 100,000,000 reversals have been carried out, and the results 
indicate that for wrought ferrous metals, an endurance limit in all probability exists, and the assumption 
of a value for it can be reasonably correct. The results of this type of experiment are indicated as in 
Fig. [., the number of repetitions N, being plotted horizontally, and the reversed stress 8, which 
ultimately causes fracture, vertically, these curves being known as 8 N diagrams. Fig. I. is derived 
from results obtained by Stanton and Pannell. 
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SN diagrams are usually plotted to logarithmic coordinates, or else the abscissae alone are plotted 
logarithmically, thus showing in many cases that with this system of plotting the relationship between 
log 8 and log N is a straight line inclined to the axis of log N, where, by Cartesian coordinates there 
would appear to be no variation in S with N. If the endurance value were assumed for the latter diagram, 
it could be therefore at too low a figure. The 8 N relationship is found to exhibit the same general form 
whether direct, bending, torsional, combined or impact stresses are employed, and whether the mean stress 
of the cycle has zero or another value, with which reversal of stress may not occur. 

From the experiments so far made, it appears that a basis of 6-7,000,000 reversals is the least that 
should be taken for steels, and that the error then involved is negligible. 

Where the state of stress obtaining in any part of the structure is not steady, then, should the 
fluctuations be such as to produce a repeated rise and fall of stress, the latter is said to vary in a cycle, or 
cyclically. Within this term are included, of course, those cycles which comprise changes regularly from 
stress of one kind, as for example, tension, through zero stress, to a compression values. Generally the 
term pulsating is applied to stress varying in value but remaining of one kind; reversed to that which 
changes from a value of one kind, through zero to an equal value of the other kind, and partly reversed 
where there is a change in the kind of stress but the highest values attained of each kind have not the 
same numerical value. 
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If any one cycle be considered it will be seen that there is always a range of stress R, which is the 
difference between the maximum and minimum stresses imposed. Where reversal or partial reversal is 
considered, due regard must be paid to the alteration in sign of the type of stress, but with this proviso, 
the above definition of R, the range of stress, holds. The mean stress, or value halfway between the 
maximum and minimum stresses is, in the case of complete reversal, zero. Thus in all cases ;— 


f . in. 
Range R = f max. — f min.; Mean Stress M = eres 


compression being considered negative and tension positive, and vice versa. ‘Then from statical con- 
siderations alone it is seen from these equations that theoretically any value of M up to the ultimate 
tension or compression can be associated with a maximum safe range R, the criterion of safety being that 
the ultimate stress of the material is not exceeded in the cycle. Where, however, the stress reaches the 
yield point, yielding will occur, though such an occurrence would be regarded as safe on the basis just 
stated. Two particular cases may be noted, the one, complete reversal, in which the mean stress is zero, 
the other, when the mean stress has a value equal to the ultimate tension or compression, in which, 
theoretically, the range can be considered to have zero value. 

Confining consideration now to safe ranges, and excluding failure by yield, if half the maximum safe 
ing be plotted as ordinates, and the mean stress in the cycle is abscissae, a figure will result as in 

ig. II. 
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Here OU = ultimate tensile stress, 
OU! = ultimate compressive stress, 
OZ = maximum safe semi range for complete reversal ; the mean stress in this 
case being zero. 


As has been seen, Z, U, and U! represent particular cases of the relationship between R and M, and 
are therefore points on the locus defining the maximum safe semi-range. Z and U are joined by a straight 
line according to Goodman’s Theoretical Law, or by a parabola on Gerber’s assumption. The actual 
shape of this locus is found to vary with the material under consideration, and may be said to partake of 
the characteristics of both lines, If the stress condition of any point, P, on the locus be examined, then 
the maximum stress in this cycle is ON + NP, the minimum ON — NP. If tension be considered positive 
and the minimum stress have a negative value then partial reversal occurs. These considerations also 
apply to any point, P! or P?, lying between the locus and XX!, the axis of mean stress. Any such 
point represents stress conditions which will not cause failure by fatigue. Thus two lines, OT, OT, at 
45° with the axes, OX and OX’, can be drawn, within which, that is in the area TOT’, the stresses in 
the cycle are wholly or partially reversed. Any point actually lying on OT or OT! would have the lower 
limit of stress in its cycle zero, and the stress throughout the cycle would be of the same kind, wholly 


tension or compression. This latter condition would also apply to points situated to the right of OTT, or 
to the left of OT, but in this case the minimum stress instead of being zero, as on OT and OT!, would 
have a definite value of tension or compression. 

Two actual loci are shown in Fig. ILL, one being plotted from values obtained by Professor B. P. 
Haigh, and quoted in the British Association Report, 1915, for +13 % carbon steel with an ultimate 
strength of 25°2 tons per square inch. ‘The other for 19 carbon steel of 29 tons per square inch 
ultimate tensile strength, is given by Smith, Journal Iron and Steel Institute, 1910, Part 2. 
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In the right-hand portion of the first case and in both arms of the second it appears that a further 
increase in the mean stress in the cycle would have caused a larger reduction in safe range than indicated 
from the theoretical considerations just mentioned. 


SHIP STRESSES AND REPEATED STRESS CONSIDERATIONS. 


Reverting now to the conditions of stressing noted for the hull, it is seen they come definitely 
within the scope of the considerations of repetition of stress just reviewed in point of view of number 
of repetitions, and it remains to examine what is the effect of rate of repetition and also of periods of 
comparative rest. 

It is natural to find that experiments dealing with repetition of stress are performed at higher rates 
of repetition than those noted as relating to waves, and possibly it is due to this that the occurrence of 
fatigue is sometimes associated with a high rate of repetition only. 

Wohler’s original experiments were, however, carried out at a speed of repetition of between 60 and 
80 per minute, and those of Sir Benjamin Baker (1886) at 50 and 60 per minute; but experiments at 
more recent date have generally been made at much higher speeds, from 150 to 7,000 per minute. It 
has not been found, from the experimental evidence, that the effect of these higher speeds is to reduce 
the fatigue range under reversed stresses, and therefore it would appear unreasonable, if the speed were 
reduced from the 60 of Wohler, to the slower speeds which have been shown to obtain, due to wave 
notion (see Table, page 3), to expect to find « speed effect. The increase from the order of 8 to 
Wohler’s 60 is almost negligible compared with that up to 7,000. 

The famous experiment of Fairbairn in 1860, of the earliest of experiments on repeated stress, was 
carried out, it should be observed, at a speed of 8 repetitions per minute. 

The frequency used in Bairstow’s instructive experiments (1909), to which reference has been made 
regarding the effect of repetition of stress on the elastic limit, was only two per minute. From his 
results, by consideration of elasticity under repeated stresses, he obtained a range of stress at which he 
coneluded that the material would possess perfect elasticity under indefinite repetitions of the stress 
range, this, therefore, constituting the fatigue range. The speed of his machine being too low to permit 
of endurance tests being undertaken, it could not be ascertained directly if these elastic ranges coincided 
with the fatigue range as normally determined from an endurance test. But on comparison being made 
with the results from the same material tested at 800 cycles per minute, the fatigue range was found to 
have the same value as bis elastic range, and it would appear therefore that even the slow speed of two 
cycles per minute does not involve any alteration in the ‘atigue ranges obtained at higher speeds, 
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The continuity of the repetition of stress on the portions of a ship’s hull is, owing to the variations in 
the wave conditions met with, interrupted to a greater or less degree, periods of comparative rest occurring 
in irregular fashion. With whatever prevalence these actually take place, it must be remembered that it 
is entirely impossible to assume any definite extent to them. It is thought, therefore, that they cannot 
be considered as adequate reason for ignoring the general character of the type of stresses to which the 
material of the hull is subject. It would not appear, nor is there any evidence to support the belief, that 
the condition of the material under a repetition of a safe range is in any way affected by rest. When, 
however, the safe range has been exceeded, resting for a time of the order of days, has been found to have 
a temporary beneficial effect, and there is a certain amount of reason for holding that the endurance to 
fracture may be somewhat increased by intervening periods of rest, but here again, the uncertainty of the 
occurrence of such a period renders the attaching of significance to this result in any case inadvisable. 
As also this endurance is the endurance under a range which ultimately produces fracture, it cannot be 
coniemplated with any degree of equanimity. 

It is not considered, therefore, that the speed of repetition or the occurrence of such fluctuating 
and indeterminate periods of rest or comparative rest as prevail from time to time, can cause the material 
to be considered as otherwise than having to sustain repeated stresses, and owing to the very large 
number of such repetitions possible, it appears necessary to examine the behaviour of the material from 
this stand point. 


VALUES FOR MILD STEEL. 


The limiting safe stress for reversals of stress for a very large number of reversals, say 10’, for 
average mild steel can be taken as 11°5 tons per square inch, this being a low average value of the semi 
range with a mean stress zero (see Appendix A). The variation of the range as the mean stress is 
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increased from zero has already been referred to, but a clear appreciation of vaiues will result from 
considering Fig. IV., in which the mean stress (or steady stress) is plotted horizontally, and the maximum 
safe semi-range (or pulsating stress), vertically. OR represents 11°D tons per square inch, this being the 
maximum safe semi-range for reversal of stress, the steady stress or mean stress being zero. OU 
represents the ultimate strength taken as 26 tons per square inch, and as the steady stress increases the 
boundary of the safe semi-range is given by the straight line R 1) U or the parabola R EU according as 
the Goodman or Gerber locus is followed. If the yield be taken at 14 tons per square inch, or 54 per 
cent. of the ultimate strength, then if O Y, and O Y! represent each 14 tons per square inch, the line 
Y Y' forms another boundary line below which the maximum stress in the cycle must be kept, in order 
that the material should not fail by yielding. 

This means, that for safety under reversed stresses the limiting stress should not be greater than that 
shown by fatigue tests. As, however, the mean stress is increased in value, there is a stress point 
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corresponding to A (where the steady stress is about 44 tons per square inch), at which the maximum 
stress in the cycle should, for safety, be less than the yield stress. With further increase of mean stress, 
failure by yield would occur before failure by fatigue, and the stress point must therefore be kept below 
the yield line. Thus the shaded area is that within which, theoretically, the stress point may be without 
failure by yield or fatigue. The upper boundary R Y of this area represents, then, the boundary below 
which safety margins should be measured, and thus affords a critcrion of value for mild steel. 

The safety margin measured thus represents a real margin of safety, and not as when referred to the 
ultimate strength, a margin which could noé certainly be transformed into reality if need arose. 

No mention of buckling has been made as it is thought this can be prevented in most instances by 
suitable design. If however it is desired to obviate it by an overall increase in thickness, the “ buckling ” 
line BB! could be indicated in Fig. LY. such that for it S— P= OB = K where K is the stress which 
will just cause buckling having regard to the spacing of supports provided. Then the stress point in 
service must be kept below BB? also. 

It is to be observed that this diagram shows the relationship for an average mild steel having 
properties of the values stated; for others having other ultimate strengths and other yield points the 
relationships may require adjustment. 

Attention is drawn to the case where the ratio of yield point to ultimate strength is high. Here the 
high value of the yield stress is not effective in service, as the yield line lying more above the locus of 
maximum semi-range, it is seen that failure by fatigue could occur at a lower stress than the yield. If, 
of course, the fatigue limit and locus of maximum safe semi-range were raised proportionately with the 
yield, then a material of quite different and much more value would be presented. The figure shows 
values for an average mild steel. 

There is however a further matter which must be examined before the basis noted can be regarded as 
a proper one, namely, that of the extension produced under repeated stress. In general where the 
maximum stress in a cycle is less than the static yield stress, the resulting elongation is equal to or greater 
than that due to a static application of the value of the maximum stress. The possibility of the 
maximum stress being greater than the yield stress is cut out in the standard just described, but in that 
event the elongation arising would be at least equal to that brought about by a single static application of 
this stress. The elongation can be deduced from the static load elongation diagram (see also Appendix B). 
This means that design may be controlled by the minimum allowable extension rather than the maximum 
permissible fatigue range, and that in many cases a superior limit of stress greater than the maximum 
semi-range for reversal of stress cannot be contemplated if the nature of the part in service forbids such 
change of length. This proviso relates of course to all siress points in Fig. IV. other than that for 
complete reversal of stress. It should be noted, moreover, that repetition of a cycle of stress with a 
maximum value which does not produce permanent extension when statically applied, may produce it 
when repeated cyclically, and this could not be apparent from a consideration of the statical ioadlng 
stress strain diagram. 


RELATIONSHIP OF FATIGUE LIMIT TO TENSILE TEST RESULTS. 


The relationship of the maximum fatigue range under reversed stress to the other elastic and 
physical properties of the material is one which has received an amount of attention from different 
investigators. As far as present knowledge goes there is no apparent general relation between the fatigue 
limit and the limit of proportionality, or the yield point. There does, however, for the whole of the 


- limiting stress : 
ferrous metals, appear to be a fairly constant value for ene Sa - for reversed bending, the average 
ultimate strength 


value being about ‘46, though this includes extremes of *6 and °35. With regard to carbon steels of 
“30 C., and under, the average appears to be -45 with extremes of *50 and *42. 

The effect of heat treatment on this relationship is a matter of some importance. Professors Moore 
and Jasper, of Illinois University, conducted a series of experiments on *49 carbon steel, 1°2 carbon steel, 
and 3°5 nickel steel, heat treated in various ways so as to alter the mechanical qualities considerably. 
It was found that the ratio 2 SPADE nee 
ultimate strength 
though the tests covered a large variation in ultimate strength. With the nickel steel, however, the 
value waned as the ultimate strength rose. It would appear therefore, that at any rate, so far as concerns 


structures subject to reversed stress, the value of the ultimate strength of the material is of major 
importance. 


showed small variation in the case of the carbon steels, 
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DISCONTINUITIES AND OCCURRENCE OF FRACTURES. 


A difficulty has been presented when considering the stresses prevalent in any structure, by the 
stress concentrations caused by the hundred and one discontinuities in the material at any point, as for 
example at rivet holes. From those cases which are amenable to mathematical treatment, the material 
being assumed to be isotropic, as has been shown by Professor Inglis, and from those more complex cases, 
investigated optically by Professor Coker, the stress at the beginning of the discontinuity was shown to 
be largely augmented from that occurring away from it. Taking the particular case of a circular 
hole in a wide plate, the greatest stress at a transverse diameter was found to be equivalent to three times 
the uniform stress away from the hole. With only moderate stresses being transmitted through the 
plating, this must inevitably have caused failure by fatigue at the rivet hole, and this has not been 
confirmed by experience. Experiments carried out by Mr. J. 8S. Wilson and Professor B. P. Haigh 
(British Association, Hull, 1922) showed, that with drilled holes in mild steel, the stress concentrations 
appeared to have little effect on the limiting values for unidirectional stress, that is under a steady stress 
with a pulsating stress superimposed. They showed that, with the material used, a maximum stress away 
from the hole, closely approaching the yield stress, was necessary to fracture by fatigue, this being in 
agreement with the basis of Fig. IV. With material with a high yield point relative to the ultimate 
strength to which reference has already been made, fatigue would probably occur under pulsating 
unidirectional stress if a proportionately higher mean stress were allowed. 

In the case of reversals of stress no experimental results are available at present. It might seem 
that, as to the deformation at the yield stress giving relief of stress is attributed the non-failure 
exhibited with repetition of unidirectional stress when the theory of stress concentrations would 
indicate failure by fracture, then, under reversal of stress where deformation is not considered to occur, 
failure by fatigue might develop at a figure more in keeping with the increase in stress due to the 
discontinuities. More detailed examination of the fractures resultant upon fatigue under reversal of 
stress indicates that deformation may occur by a process of relative gliding between adjacent crystals, so 
that really the same relief from stress may be obtained without the cumulative effect showing itself in 
the aggregate by yield. Further experiment on this point would be of interest. 

In the cases cf fracture which are—fortunately rarely—exhibited in the hull structure from time to 
time, it is thought that failure due to the ultimate tensile strength being exceeded, can largely be ruled 
out as a cause. This could only occur when the design is considerably more at fault than in any way 
usual, or where due to external cause, as grounding or collision, considerable deformation of the structure 
is brought about. Thus, where the material is not defective, the possibility of which must of course 
receive attention, and there is no large deformation indicating yield, it would seem probable that fracture 
can rightly be attributed to fatigue. In the case of fracture, accompanied by yield, fatigue may still 
be the ultimate cause (see Fig. IV.), the probability being increased in view of the unlikelihood of the 
occurrence of sufficient extension to render the exceeding of the ultimate strength possible. 

That fractures can occur in parts of the structure, from time to time, without starting of the 
riveted joints in the immediate vicinity, tends to indicate that the holding power of these joints must be 
reinforced in the structure, so that the value of the slip point obtained by experiment on isolated joints 
could be regarded as being augmented in the structure by contiguous and adjoining materinl which has 
not the tendency to slip at that value holding for the joint. 

It is realised that the varying conditions of stressing obtaining throughout the hull make each case 
of fracture a special case, but evidence as to the type of stress responsible, and therefore of the type of 
stress obtaining in service, could also possibly be deduced from the appearance of the fracture itself. A 
fracture resultant from reversal of stress does not exhibit any “necking down”’ or drawing out of the 
material such as occurs with a fracture at the ultimate tensile strength as ordinarily obtained in a tensile 
test. As has been noted, both a cycle of reversal of stress and a test to the ultimate strength may be 


‘ R ; 3 
considered as a stress cycle M + 5° M, the mean stress, being zero for reversal of stress, with R zero 


when M becomes the ultimate stress. There can be, between these extreme cases, many other cases as M 
increases in value, and R decreases, and it would appear that the fracture would more and more exhibit 
the necking down characteristic. It is found that the evidence of the specimens themselves confirms 
this. Thus a fracture in service which had no local extension or necking down should be attributed to 
fatigue under reversal of stress, while one exhibiting a local diminution of area at the fracture would 
indicate failure under a repeated pulsating stress or else failure at the ultimate tensile stress. As has 
been noted, page 9, the former produces a permanent extension related to that resultant in a static test. 
It would be of interest to know, therefore, to what extent these features are manifest in actual 


service fractures. 
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CONCLUSION. 


Though it is hoped that the extreme importance of the fatigue limit in material used in and about 
the hull has been made clear, it is not intended to suggest that it, and it only, is of importance. The 
fatigue limit can not be taken as indicative of a “quality” factor, and where capacity for plastic 
deformation is so necessary, as in the hull structure, this must be considered, and the information 
regarding ductility obtained from a static test is therefore of prime importance. At the same time it is 
thought the value of the fatigue limit appears to govern the functioning of the material in service and 
provides a standard for measurement of the value of the material, while the limit of proportionality has 
demerits in both these directions. 

In conclasion, attention is directed to the dependence of efficiency of construction on the clear 
visualisation of the actualities of service. The complex conditions of straining and loading make any 
working to narrow limits exceptionally difficult, while the increasing demands made on the material call 
for these smaller margins. It is realised that many matters herein mentioned are open to debate. This 
is an attempt to define the condition of working of the material, and to indicate the basic factors. 

It is hoped that acknowledgment has been made throughout the paper and Appendices of the 
original sources of information used. 

In addition, the following have been especially consulted :— 


THE Fatigue or Meraus. Gough. 
THE TesTiING OF MatTertALts or Construction. Unwin. 
History oF Tueory oF Exasticrry. Todhunter & Pearson. 


APPENDIX A. 
Resuuts oF Tests oN MILD STEEL. 


Endurance obtained on a basis of at least 107 repetitions of reversed bending stress. ‘Tested as 


received from makers. 


Tons per square inch ;— 


Cc. Limit of Yield Ultimate Endurance Endurance 
Percentage. Prop. Point Strength. Rey. Bending. Ult. Stress. 
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sO (Mie oxcrats < 18 8 ohne EGA veces Siem serees a14 “sei "44 
Dili Mis sexes 1728 on cea rae 1S) vive OD ie eames yd 4 So Bam 47 
ef a eer 16°8 IW 1 eathcssce res Ys eek Ports ope LDA a van ds *42 
LT ae Ree 20 UG ane ses ST reer: 3 Ea Ty ane "45 
“31 28° lyase 1 PRR es FS) ee oT" f): iaease 9 | 
1) |: Cr eae 26°9 DO Re iy ast ABO? acs aae oS i ere avr “43 
Average “45 
Hear TREATED. 
98 Sankt LUT wig HeGiet.1L DAB sds +116 ...... ‘48 Annealed 730° C. 
DS: Best tiaxc ees 20 moras SUSOGIM, eeiee 1698) | eieiee *53 Normalised. 
Heated 870° C. 
EE beef LEO sats 18°80 vers DY EN as ales +10°9 “40 Held 30min. 
Cooled in air. 
Heated 870° ©. 
Sd: BEM. ae 1: Ee erp T5eP lave Oe Gilt caine iLO Me eas “41 Held 30min. 
Cooled in furnace. 
Boiler plate...... 3 HPI fee giac PTR orc oy SEUB'S; caters “49 Normalised. 
Buin ORR Ya! OS iat Hae DEON. B7:9 be ales SFU A “45 Normalised 850° C. 


The above results are taken from ‘The Fatigue of Metals,” by Mr. H. J. Gough, of the National 
Physical Laboratory, by kind permission of the author. 
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APPENDIX B. 
THe YIELDING oF Iron AND STEEL UNDER REPEATED STRESS. 


The aspect of this question, to which reference is made, was investigated by Bairstow in his 
experiments previously noticed, and the results are embodied in Fig. V. In his account of his investiga- 
tions before the Royal Society, he says :— 

“The ordinates are the maximum stresses applied to the specimen and the abscissae the correspond- 
ing permanent extensions during the adjustment of the superior elastic limits to the maximum stresses. 
Starting with a new specimen, the line FEA shows that, at a stress of 25 tons per sq. inch, no 
permanent extension was observed. When the load was slightly increased, a sudden extension of about 
one-fifth of a millimetre occurred, this being the well-known yield. Further increase of stress extended 
the specimen still further, the changes being represented by a line which cannot differ appreciably from 
BC. In producing the curve F E A BC no cyclical variations of stress are concerned, and the curve 
is identical with the usual stress elongation diagram frequently taken during a tensile test. 

The experiment on the specimen of axle steel (described in the paper) showed that under cyclical 
variations of stress an extension, which was not measurable at the first application of the load, gradually 
appeared due to repeated applications of a range of stress slightly greater than the safe range. This 


STRESS st 


TONS 


PER 10} 
SQ. INCH, 


EXTENSION 
MILLIMETRES, 


Fig. V. 


extension continued for some time, the dotted line GH representing the slow yielding of the specimen. 
When the adjustments of the elastic limits was complete, H represented the final extension, and no 
further increase of length occurred due to further repetition of stress. 

The point J was similarly obtained by repeating a cycle of stress having a less maximum value than 
that which produced the extension H. At KE, which corresponds to the maximum safe stress during 
reversals, no extension occurred. 

The points H, J and E are evidently on a continuation of the curve BC, and when cyclical varia- 
tions of stress are considered there is no break, in the curve at B, corresponding to the static yield point. 

Above this latter point the whole extension is produced by the maximum stress only, independently of the 
range of stress, which may be zero. As HJ Eiscontinuous with B C, it seems possible that an extension such 
as G H may be produced by the repetition of a cycle of stress in which the range is less than the safe range. 

Should further experiments bear out this contention, it seems that very great care must be exercised 
in the use of materials having a higher maximum stress than that corresponding to alternations of equal 
and opposite stresses.” 


DISCUSSION ON Mr. G. R. EDGAR’S PAPER 


ON 


“THE BASIS OF HULL STRENGTH.” 


Mr. 8. F. Dorey. 


From time to time, with the progress made in engineering and shipbuilding and the steady advance 
in reliability of processes in the manufacture of materials, it becomes necessary, on account of econom 
and the special circumstances of any particular case under consideration, to review the basis of strengt 
computations and ascertain whether working stresses may be increased and the scantlings of structures 
correspondingly reduced. As a result old rules are overhauled and give place to those based on more 
sound scientific principles to meet the conditions of the day. 


Mr. Edgar’s paper is, therefore, particularly welcome as a first attempt made to apply the results of 
recent research to the actual conditions appertaining in ship structures. 


The basis which the author proposes, however, though new to shipbuilding, has been recognised for 
some years in other branches of engineering, and applied to such cases as shafting for aeroplane engines, 
car axles, railway bridges, etc., though it must be admitted that in most of these cases the stresses are 
capable of being more accurately determined than those actually existing in vessels. 


So far as shipbuilding is concerned, particular attention has recently been drawn to the use of a steel 
having a high limit of proportionality or elastic limit, and as a result it is proposed to reduce scantlings 
by the use of this steel. It is interesting to note, however, that while the merits of high elastic limit has 
been made much of, attention has also been drawn to the apparent low elastic limit of ordinary mild 
steel, in spite of the latter having proved satisfactory in service. 

Thus Arnold has given this limit as low as 4 tons per square inch, and its range has been given by 
others up to 14 tons per square inch. The first paragraph on page 2, together with the section on limit 
of proportionality, are therefore of particular interest in showing that elastic limit as a primitive value 


can have no practical significance unless, due to the adoption of high factors of safety, designed stresses 
are appreciably less than its value. 


This, however, is not conducive to economy or good design. If a material is subjected to a range of 
stress of a positive value the tendency is for the natural elastic limit to be above the primitive, while if 
the stresses are partially or completely reversed the natural elastic limit is below the primitive value. 
The elastic limit determined from the first loading is therefore fictitious. It might further be mentioned 
that boiler shell plates are strained beyond the elastic limit in the process of construction of boilers, and 


chain cables are tested and strained beyond the elastic limit before coming into actual service, with 
apparently no disastrous results. 


In dealing with repeated stresses the author has quite rightly adopted Gerber’s parabolic law and 
Goodman’s modified dynamic law as a means of deducing the limiting values for various ratios of stress, 
since these are certainly in more close agreement with experimental results on materials having equal 
ultimate strengths in tension and compression, than the Launhardt and Weyrauch theories. 


It might be mentioned, however, that simple empirical formule have also been suggested by Moore 
and Jasper as a result of their experiments on fatigue ranges of wrought ferrous metals, and Jasper has 


also applied Haigh’s strain energy theory to such cases with satisfactory results for reversed and partially 
reversed stresses, 


Ranges of stress in which the maximum stress is above the proportional elastic limit need to be 
accepted with caution as the stresses are calculated by formule which only apply to the elastic range. 
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One point might be mentioned in regard to the effect of speed of repetition. The results of many 
experimenters have shown that speeds up to 5,000 revolutions per minute have very little effect on the 
fatigue range for completely reversed stresses. Could the author say whether this is the case for 
pulsating and partially reversed stresses ? 

As the maximum stress for any range approaches the ultimate stress, it is anticipated that creep may 
play an important part in limiting the endurance range. 

The section dealing with “ Values for Mild Steel” is undoubtedly one of the most important parts of 
the paper, showing as it does the basis on which real factors of safety should be assigned, the boundary 
line R y of Fig. 4 marking the limit to the maximum stress permissible. 


The only criticism that can be offered regarding Fig. 4 is with reference to the value of maximum 
ulsating stress. The author has taken this value as 11°5 tons per square inch, and in appendix * A” 
: © bear : ine 

gives the values of the endurance limits for reversed bending. 


In ordinary strength calculations a ship is treated as stressed due to bending. The decks and shell 
are, however, not subjected to bending stresses but to direct tension and compressive stresses. Now it 
has been found that the fatigue range of steels subjected to axial stresses is less than that due to flexural 
stresses. In the case of 5 steels having carbon contents varying from *18 to *37 and tested on a Haigh 


4 : iA , axial endurance ‘ 
machine on a basis of 107 repetitions the ratio of g-——j——,——-. was *89 varying from *80 to °95. 
flexural endurance 


It would appear, therefore, that a safe value for this ratio would be about *80. 

Moore & Jasper, as a result of tests on a wide variety of steels, particularly high tensile steels, suggest 
a lower ratio of about *60. It is apparent, therefore, that the maximum pulsating stress should be taken as 
an axial and not a flexural stress. ‘The reason that the endurance under axial stress is lower than that 
due to bending appears to be due to the fact that in the former case the stress is uniform over the whole 
area, thus giving a great opportunity for fatigue failure to develop from any local weakness, whereas in 
bending the maximum stress is confined to the surface. 

Also in the case of bending, if slip does take place, additional support is forthcoming from the under- 
stressed material. 

It is interesting to note that for Messrs. Beardmore’s high elastic steel, the value of the fatigue range for 
reversed stresses found by the N.P.L. using a Haigh machine was 15°2 tons per square inch, giving a value 
f “41 for the rati endurance 
° “1 : ra ult. stress. 
. endurance (bending) 

the ratio ultimate stress. 

With reference to the section dealing with concentrated stresses due to discontinuities represented by 
holes in a plate, it may be of interest to mention that experiments with reversals of stress have been 
carried out by Moore & Jasper at Illinois University, and more recently by Liljebadin Sweden.  Liljebad 
made his experiments on a series of flat plates which were subjected to an alternating bending test. 

A single hole, varying from 1 mm. to 25 mm. in diameter, was drilled through the specimens, and the 
endurance limit based on 107 repetitions without fracture. 

It was found that the fatigue limits reckoned as a stress averaged over the whole was about 21,500 Ibs. 
per square inch and as a maximum stress calculated from the theory of elasticity of the order of 60,000 lbs. 
per square inch, whereas for the unpierced plates the two stresses were each 31,000 lbs per square inch. 

The ultimate strength was 59,400 lbs. per square inch for pierced plates, and 55,700 lbs. per square 
inch for unpierced plates. 

It was thus demonstrated that the safe stress, taking the elastic limit as the criterion of strength, was 
not only far above this elastic limit but in some cases even greater than the static ultimate strength of the 
material. The average stress over the section was nearly constant for all the pierced plates, so 
that a factor of safety based on the ultimate strength would give far less error than one based on 
the elastic limit. 

With further reference to appendix “A” it is shown that for the last column the average value of 
endurance 
ult. stress 


This is about °80 of the average value of ‘45 given in appendix “ A” for 


is *45, the range being from about 13 per cent aboye to 7 per cent below this mean value, 
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Comparing this with ratios of columns 2 and 8 over ultimate stress the mean values are *55 and °60 with 
ranges from +20 per cent to —33 per cent and +23 per cent to —20 per cent respectively, giving much 
smaller correlation factors than the fatigue limit. 


Now it is mentioned earlier in the paper that the testing of materials of construction has not altered 
appreciably, and still comprises the determination of ultimate strength and percentage elongation and 
a bend test. If, however, as appears to be the case, there is very little variation in the fatigue range for 
ordinary carbon steels used in shipbuilding, then these tests should be sufficient in themselves to show the 
quality of the material. 

fatigue range 
ultimate strength 


It only remains to base working stresses from the average ratio of with the appro- 


priate factor of safety. 
Mr. Edgar deserves much credit in bringing before the Association this new basis of hull strength. 


Mr. M. M. Parker. 


If the facts Mr. Edgar places before us are correct, and I have no doubt that they are correct, then 
I think that his interpretation of those facts, as represented in Fig. 4, are beyond dispute. 


The result of the investigations set forth in this paper seems to be broadly this :—That there is a 
more or less definite relation between the ultimate tensile stress of mild steel and the limiting safe stress 
for reversing stresses ; but there is no/ such a relation between the elastic limit or limit of proportionality 
and the limiting safe stress for reversing stresses. 


It would therefore appear that the practice usually adopted in the past of ascertaining the ultimate 
tensile stress of the material and then basing design on this stress in conjunction with a factor of safety 
found suitable in service, is sound practice. Further, it would seem that it is wrong to pay too 
much attention to the elastic limit as obtained by the usual static test because it does not necessarily 
follow that of two steels the one possessing the higher elastic limit is the one better able to withstand 
the reversing and pulsating strains experienced in a ship’s structure. These conclusions seem to be 
contrary to much that has been written during the last few years in Naval Architectural circles. 

Turning now to the earlier part of the paper, how are we to estimate the nature and values of the 
reversing and pulsating stresses in question? Mr. Edgar suggests that nearly all the stresses in a ship’s 
structure alternate or pulsate with the passing of each wave. He says, in fact, “ the essential governing 
period throughout is that of the wave.” 


So far as the longitudinal stresses are concerned this is undoubtedly a fact since these stresses 
are derived directly from differences of buoyancy and weight caused by the passage of the wave profile 
along the ship. 


When we come, however, to transverse strength it appears to me that the period of alteration of the 
stresses would be dependent on the eth of rolling. The period of rolling in a regular series of waves 
is compounded of the ships period of rolling in still water and the period of the wave, but, as in practice 
a regular train of waves never occurs, that part of the rolling period depending on the period of the 
waves is continually being upset with the result that the ship’s still water period generally predominates. 
Thus the ship’s own period of free rolling becomes one of the dominating factors in alteration of stress. 


Much the same line of argument holds for all stresses resultant upon pitching, for as with rolling 
the ship tends to pitch in her own period. 


1 therefore venture to suggest that instead of one governing period, that of the wave, there are 
at least three governing periods, the wave, the still water rolling period and the pitching period, 
the last two being more or less independent of the wave. 


Rolling affects all the racking strain which occur in the structure and most of the stresses set up by 
local loads. Rolling and pitching together play an important part in the stresses on bulkhead decks and 
side structure induced by the pressure of liquid cargoes and oil fuel. 


Reverting to the stresses directly due to the passing of waves, 7.e., the main longitudinal stresses, 
it must be remembered that these only reach the value obtained by the standard calculation when 
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the ship is amongst waves of her own length, and that though the ship may pass through many millions 
of waves in the course of her life only quite a small percentage of these waves will be of the size required 
to produce the full stresses allowed for. We should therefore be allowing perhaps too great a margin 
of safety if we allowed for continuous service amongst critical waves. It appears, in fact, that what 
we might do is to allow for a smaller range and greater number of repetitions. In other words, if we are 
going to design for indefinite repetition, as we must, we might base our range figures on that obtained 
with waves somewhat shorter than the ship’s length. 


This principle is already tactily acknowledged in allowing much higher stresses in long ships 
than in short ones, that is to say, in basing the allowable stress on the probability of the vessel meeting 
with waves of her own length. 

Taking all things into consideration it would appear that the estimation of the variation of 
stress in a ships structure, apart perhaps from the longitudinal stresses, is rather beyond the scope 
of our knowledge at the present time, and certainly beyond the rough and tumble of every day drawing 
office work. 

In spite of this, however, Mr. Edgar’s paper contains a piece of very sound philosophy which is true, 
as all philosophy is, to every branch of life. He says, in effect, ‘‘ however we are forced by circumstances 
to act, let us think rightly, for in so doing we shall be saved from deluding ourselves as to the value 
of our practices.” 


In giving us this paper, the result, I know, of laborious study and much meditation, Mr. Edgar 
is helping us to think rightly, and for this, as also for the presentation of useful data, we owe him 
our gratitude. 


Mr. R. J. L. Warp. 


Mr. Edgar is to be congratulated on the production of an interesting paper which will be a valuable 
addition to the archives of the Association. 


As he shows, the subject of repeated stresses and of the endurance of materials subjected to such has 
been under examination for the last half century, and various experimenters, ranging from Woéhler in 
1871 to Gough and others in recent years, have provided sufficient data to enable almost definite 
conclusions to be arrived at in respect to the endurance of mild steel, the material which particularly 
interests the naval architect and marine engineer under pulsating or reversed stresses. 


Figs. 2, 3 and 4 (pages 6, 7 and 8 of the paper) are of theoretical interest. As affecting the 
practical side of naval design, however, the relationship of fatigue limit to ultimate strength is that 
which has a direct bearing on the question of the basis to be employed in the determination of the 
dimensions and/or scantlings of material built into a ship or machinery structure. 

limiting stress 
ultimate strength 
for all practical purposes may be taken as ‘46 in the case of ordinary mild steels used in marine 
construction. 


It is therefore obvious that the choice of “limiting stress” as opposed to “ ultimate strength” as 
the basis of hull strength is more of academic than practical importance, since in any event a factor of 
safety will be employed and the employment of the former in preference to the latter basis would simply 
result in a corresponding change in the safety factor. 


The above observation applies to those positions of the hull structure which may reasonably be 
regarded as submitted to reversals of stress. It must not be forgotten, however, that many ship members 
as deck girders, floors in bottom, &c., can be considered as subjected to pulsating stress only. Again, 
deck beams are considered to act as beams supporting an overhead load and also as struts or ties 
supporting the sides of the ship. 

The value and character of the stresses submitted to by a ship at sea are indeterminate, and hull 
design continues to be carried out on the usual assumptions as to conditions of loading, wave profile, &c., 
these conditions being considered for a static condition, 


As Mr, Edgar points out, the value of for ferrous metals is fairly constant, and 
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Where the current calculations are based on assumptions of so general a character and of comparative 
value only, it does not seem to be of capital importance to change the basis of hull strength, having in 
view the practically constant relation, above referred to, between the two bases. 


The above observations may be taken to apply to the case of the ship structure as usually 
constructed where it may reasonably be assumed that the fatigue limit of the material for a practically 
infinite number of reversals of stress is in excess of the calculated plus or minus stress to which the hull 
is subjected under sea conditions. 


The case, however, of a completely welded ship which was investigated some years ago is somewhat 
different. The conclusion then arrived at, based on experiments on the fatigue limit of welded joints, 
was that the length of a welded ship would require to be limited to 300 feet approximately. 


Experiments on welded joints subjected to reversals of stress demonstrated that the number of 
reversals which the weld was capable of resisting diminished as the stress increased. 


The theoretical maximum permissible stress value customarily employed in determining the 
scantlings of ships from the usual longitudinal strength calculations varies from about 6 tons per sq. in. 
in small to 10 tons per sq. in. in large vessels. 


These maximum stress values are comparative and based on the results of experience. 


For varying lengths of ships this maximum stress was taken, and for each stress value the 
corresponding number of reversals of stress was obtained from the results of the experiments on welded 
joints. This number diminishes as the stress value and as correspondingly the length of the vessel 
increases. 


The approximate number of reversals of stress to which a ship may be expected to be subjected 
during its lifetime being easily calculable, it was possible to determine approximately the maximum 
permissible length for a welded ship. It is to be noted that in consideration of this case as opposed to 
the ordinary riveted structure, the fatigue limit requires to be taken into account. 


Mr. H. Dickerson. 


Mr. Edgar clearly sets forth his case for taking into account the results of fatigue experiments 
when deciding the allowable stresses to be adopted in determining scantlings, and gives a diagram on 
page 8, within the shaded portion of which, it is contended, that the stress point must be. I quite agree 
that the ability of the material to withstand fatigue tests should, if possible, be taken into consideration, 
but as it is generally agreed that it is practically impossible to determine correctly the forces acting on a 
ship, how are the results of these tests to be applied ? 

It is interesting to note that Mr. Thomson in his paper on “Structural Stresses in Oil and Cargo 
Ships” directed attention to the question of alternating stresses. From the same paper, if the calculated 
stresses at the deck given for a 450 feet cargo vessel are assumed to be the actual stresses coming on the 
ship, and the stress point be indicated on the diagram on page 8 of Mr. Edgar's paper, it will be found, I 
think, that the margin of safety is about 40 per cent. only. 


In calculating the strength of a ship, it must be remembered that the scantlings used are those for 
a new ship and perfect workmanship is assumed, allowing then for average workmanship and the 
diminution of the thicknesses of material caused by corrosion, it will be seen that after several years of 
service, the margin of safety would be considerably less than this. Therefore this seems to show that 
stresses obtained by calculation do not represent actual stresses, so if it is impossible to determine 
accurately the stresses—steady, pulsating, and reversed—coming on the structure, how can the stress 
point be indicated in the author’s diagram, and if this cannot be done, how can it be said from calculation 
that there is a “‘real margin of safety” ? The results of ship streneth calculations must be comparative, 
and I quite agree with the remark on page 2 of the paper “that it is probable that the continued 
checking and comparison with experience has resulted in a more efficient structure than had the stress 
calculations been derived from first principles.” 

I have no doubt that in certain structures and machines subjected to alternating stresses which can 
be accurately determined, fatigue test results could with advantage be, and in all probability are, applied, 
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but in shipwork, while uncertainty exists regarding the actual stresses in the structure, I cannot see how 
any great advantage would be gained by breaking away from the usual methods now adopted in arriving 
at scantlings. 


Referring again to Fig. 4, I would ask the author why he chose the yield point as the limit of the 
steady stress, when the limiting pulsating stress adopted represents a stress at which breakage occurs. 
“Would it not have been better to extend the shaded portion of the diagram to include all the area under 
the line D, thus the limits of the steady stress and the pulsating stress would both be stresses at which 
breakage would occur, instead of one limit being a yield point and the other a breaking point ? 


I thank Mr. Edgar for his interesting paper. 


Mr. W. Tomson. 


Mr. Edgar’s paper raises two important points of controversy regarding the manner in which the 
stresses on a ship structure may cause failure, (1) by alternating stresses, or (2) by stresses passing the 
elastic limit. 


So far as alternating stresses are concerned, the author provides diagrams showing the stresses at 
which failure will occur under different conditions of combined positive and negative stresses, or under 
pulsating stresses which are both of the same nature. 


The first point which might be referred to in this connection is the rate at which these stresses are 
imposed. The paper gives a figure of 8 repetitions per minute as a reasonable one in a ship, which 
means that in a voyage from Great Britain to the United States the vessel would experience about 
150,000 repetitions, assuming heavy weather was encountered all the way. ‘The voyage would occupy 
about 10 days, after which the vessel would be in port for a similar period, during which it would 
subject to practically no stress. 


If the test bar were run at 500 revolutions per minute, the time taken to experience 150,000 
repetitions would be only 5 hours. The contrast between the experimental test piece and the actual 
ship structure as regards the time factor is, therefore, very marked, and the statement in the paper that 
the rate at which the repetitions are applied has no influence on the result can hardly be accepted without 
some qualification. 


In addition it is generally understood that a period of rest has appreciable recuperative effects on 
steel, so that I would suggest that the influence of repeated stresses is not likely to be serious during the 
normal lifetime of a ship. 


Fig. IV. in the paper illustrates the results of various experiments on repeated stresses ; but it is 


not easy to check this diagram by actual cases, since, fortunately, it is very rarely that a ship actually 
fractures. 


In one case in which an oil-carrying vessel actually broke in two, the calculated stresses at the deck 
for hogging and sagging were 2 tons and 9 tons per square inch respectively. The mean stress is thus 
3} tons per square inch, and the actual range + 5} tons per square inch. 


From Fig. IV. it would appesr that the safe range is + 10 tons per square inch, and the 
discrepancy between this value and that at which fracture actually occurred would seem to suggest that 
Fig. IV. can only be accepted with considerable reservation. 


A number of cases are on record in which deck plating has buckled, thus showing that the material 
has been stressed beyond the elastic limit, and it would be very interesting if a diagram, similar to 
Fig. 1V., could be provided, showing permissible stresses on the basis of elastic limit instead of ultimate 
strength. 

The second part of Mr. Edgar’s paper raises the question as to whether scantlings should be based 
on the ultimate strength or on the limit of proportionality of the material. 


It is usual to consider the scantlings on the basis of the ultimate strength of the steel; but this is a 
matter of convenience rather than of close reasoning. ‘The test of the success of a structure is the 
absence, in service, of any deformations, and if the limit of proportionality of the material can be raised, 
there does not appear to be any reason why a modification of the scantlings should not be permitted. 
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It is true that if this be done the value of the nominal factor of safety is reduced ; but this is in 
any case large enough to provide against actual fracture of the structure, while the higher elastic limit of 
the steel should certainly eliminate many of the instances of buckling which at present occur. 


Tuer PRESIDENT. 


I am sure the best thanks of this Association is due to the author for the interesting paper which 
he has presented to us. 


The real point of the paper is, in essence, whether the ship designer should take note of the fact that 
ships are subject to repeated stresses and, armed with his knowledge of the behaviour of materials under 
variations of stress, base his design more on these principles than on the long established principles of 
the behaviour of materials under stated conditions. 


As a general engineering problem the subject has attracted a good deal of attention in recent years, 
more, I think, with regard to simple machines—i.e., pieces of mechanism—rather than to complex 
structures such as ships, although application has been sought in the case of bridge construction. 


Mr. G. L. Wilson brought the matter forward some time since in relation to an enquiry in which he 
was interested relating to bridge design, and he, jointly with Professor Haig, explained their ideas a few 
years ago very much in the same way as is illustrated by the author in Fig. IV. of his paper. 


Whatever might be said for mechanisms, or for bridge work in which one can estimate to a very 
near approximation the forces likely to be encountered, and where the design can very largely be viewed 
as something approaching homogeneity, it is problematical in a ship’s structure, built up as it is of many 
parts connected in various ways, and of materials which are not invariably uniform, whether these 
principles could be applied with any degree of satisfaction. It would mean, if we followed the dictates 
of the results of researches in stress repetition, that we might be induced to adopt a factor of safety or 
ignorance much less than the naval architect knows by experience is reasonable to ensure a safe structure. 

Scantlings would be reduced, but the flexibility of the structure would be increased much in the 
same way that by a too liberal use of high tensile material for the sake of economy in weight the 
flexibility of the structure would be likely to suffer. 

That a complex structure is capable of withstanding considerable variations of stress without 
apparent injury very much in the same way as is experienced with a sample of material is evident in the 
case of a ship which the author estimates experiences in its lifetime some hundreds of millions of 
variations or pulsations, and is still going strong at the finish. 

Whether this experience could be extended indefinitely is questionable. We do know, however, 
that when structural failure has resulted the calculated stress has not always been greatly in excess of 
the working stress, which seems to indicate that as regards the latter we are not far removed from the 
maximum stress which could be allowable for stress repetition in the structure. 

It would therefore seem that we might be led into difficulties if we applied—at least without some 
adjustment—the experimental results of ‘repeated stresses”’ to built up structures. 


CORRESPONDENCE. 
J. Hopason. 


I have read Mr. Edgar’s paper with more than ordinary interest, and I must say that I am in 
general agreement with his remarks. 

The present statical basis of hull strength with its uncertain empirical factor of safety based upon 
the general lack of failure in practice has so far served its purpose in the design of the hull structure. 
The increasing demands of economical efficiency, however, for more scientific precision, in order to 
minimise the amonnt of material used, must naturally necessitate a closer examination of the actual 
conditions under which the material of the structure works. 

The assertion that failure might occur in the hull structure from fatigue has been generally met 
hitherto by the statement that the rate of repetition of stress is much too small, and the number of 
repetitions in the life of the ship, taking into consideration the intermittent periods of rest, are not of 
the order to necessitate serious consideration of this factor of fatigue. 
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The author has collected the available evidence on these points, and has, I think, at least shown 
that the question cannot be so lightly neglected. 


I ventured to refer to this question of fatigue in the discussion on the papers on the strength of 
ships, previously read by Mr. W. Thomson and Mr. J. 8. Ormiston before the Association, and the 
statement above-mentioned was then given as the reason for precluding serious attention to such a factor. 


That failure does now actually occur in certain cases from lack of fatigue endurance I do not think 
can be doubted. How often does one hear the remark when examining some case of fractured plates 
that “the vessel has been working,” which simply means that the material has been subjected to, and 
has failed by repeated stress reversal, and not by a rupture under a stress equal to the ultimate strength. 
Such cases have been especially apparent in oil vessels, in which it is by no means uncommon to find 
some deck plates fractured after a number of years service, and also fractures have appeared in the bottom 
plating of such vessels near the fixed points of the bulkheads, at which places the strain due to stress 
reversal would probably be a maximum. Another fact which is sometimes observed in the case of deck 
fractures on these vessels is that in the vicinity of the fracture the plating is slightly buckled, and 
further, it is sometimes found that the fractures are difficult to find, being of the nature of cracks ; 
thinning down of the material in way of the fracture is seldom noticeable, and as Mr. Edgar points out 
such necking down of the material would occur if the fracture had resulted from a stress equal to the 
ultimate strength of the material. Another point to be borne in mind is that the wastage of the 
material hastens the time limit of its endurance against fatigue. 


Another case of fatigue failure in practice is that of panting fractures in the shell plating. 


I think it must be admitted that where failures do now occur if is not excluded that these are due 
to lack of fatigue endurance of the material, although it may be rightly asserted that with the present 
properties of steel used, and with the scantlings provided, the question 1s not of major importance. 


If, however, to effect. economy, endeavours are made to reduce the scantlings by an alteration of the 
mechanical properties of the material the question of fatigue limit might become of more importance. 


Attention is drawn to such an instance on page 9 of the paper—e.g., for a steel in which the ratio of 
the yield point to the ultimate strength is high. 


If, in such a case, a reduction of material is desired as a result of the increased elasticity of the 
material as measured by an ordinary testing machine, it would certainly seem advisable, before admitting 
any appreciable reduction, to ascertain to what extent the result would be affected by the incidence of the 
fatigue limit of such material in the manner illustrated in Fig. 4 of the paper. 


I desire to add my thanks to Mr. Edgar for his interesting paper on a subject which will, I think, 
attain in the future much more importance in the determination of the scantlings of the hull structure. 


Dr. G. W. Wepster. 


There are many controversial points raised in Mr. Edgar’s most interesting paper, the principal 
being the question of the more or less universal practice of ignoring the fatigue stress in shipbuilding 
problems. He makes out a good case for its better recognition, and in view of the enormous amount of 
labour and thought which he has clearly put into his research one hesitates to criticise his findings. It 
might be, however, that some of the hypotheses in which he bases his findings are worth examining. 


The percentage of cases of evident structural weakness is undoubtedly small, and when one 
considers the number of vessels which are 20, 30 or more years old, in which it must be admitted the 
standard of strength has been reduced but which are still satisfactory, it might be justifiable to conclude 
that the stresses which a ship has to withstand cannot be so great as they are sometimes assumed to be. 

The question of the relative strength of an old and a new ship can be considered in the light of Mr. 
Edgar’s analysis. It is accepted thata large number of reversals of stress on mild steel will lower the 
limit of proportionality, and that cold working followed by rest and by raising of temperature will have 
the reverse effect. In order to haye fatigue stresses in a ship it is necessary to have a large number of 
reversals of stress. During one voyage of average length the number of repetitions of stress will be 
relatively small, say 10,000 to 200,000. If this was all that theship, was called upon to withstand the 
effect would be negligible (see Fig. 1). There will, however, be the cumulative effect of several voyages 
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during the lifetime of the ship. But will the effect be cumulative? In one voyage there may be as 
many as 200,000, or so, repetitions of stress but they will not necessarily be “ reversals” of stress. They 
may be “reversals” if the waves the vessel is meeting are of the same or nearly the same length as the 
vessel herself, but is it not possible that the loading of the ship and the waves will be such that for at 
least part of the voyage the structure will have “variations” of stress but not ‘“ reversals” of stress ? 
For example, say the deck of a ship (depending on the loading and the waves she is meeting) may be 
subject to variations in stress but of the same kind, 7.¢., all tensile or all compressive. An examination 
of the behaviour of an expansion joint which I had the opportunity of making on a ship in a heavy sea, 
rather bears out this view. Would then these repetitions of stress of the same kind not really amount to 
something like cold working ? Mr. Edgar considers that the rest which a ship gets in port after being 
subject to reversals of stress will have no recuperative effect on the structure, but does this hold true for 
a ship which has been subject to repetitions of stress of the “same” kind? A ship resting in port would 
be subject to a more or less constant strain due to the hogging or sagging effect of the loading, but one 
investigator, Muir, has stated that recovery from overstrain proceeds practically at the same rate whether 
the material is kept strained or is allowed to rest free from lvad. uir also states that so moderate a 
temperature as 50°C can have a large influence in hastening the recovery from overstrain. Now the 
temperature of the hull of a ship, or at least part of it, must often be as high as 50°C and sometimes 
higher, especially in vessels trading in tropical climates. 

Is it not possible, therefore, that the cumulative effect of the repetition of ‘ like” stresses for at least 
a portion of each voyage followed by a period of rest in port, and perhaps accompanied by moderate 
increases in temperature, will be that instead of the vessel being adversely affected she will be in reality 
benefited, the limit of proportionality being raised? If this can be accepted, is it not an explanation 
why old ships stand up to their work as well as new ? 


I would also like to ask Mr. Edgar if he is quite satisfied that when we deal with the properties of 
steel that we are dealing with properties which can be strictly applied to a structure like a ship. Is it 
not possible that owing to butts, discontinuities and concertina-like deckhouse sides, etc., that we have a 
mass which is really more elastic than a piece of steel ? 


In conclusion, I would like to add that I appreciate the valuable information which Mr, Edgar has 
given to us in his paper, but I have one complaint, and that is that I regret he has not given us more 
information on the question of buckling. In my opinion, this is a question to which insufficient 
attention has been bat particularly in thin deck plating on bridge or superstructure decks. When buckling 
occurs under compression, the remaining structure is deprived of the help of the buckled material and is 
therefore forced to do more work, with the possible result that the structure may fracture at some other 
place away from the buckling. 


Mr. W. Bennett. 


Mr. Edgar’s paper will, I feel sure, be found of interest and value to the members of the Staff 
Association, being as it is, a praiseworthy attempt to explain much of the basic considerations involved 
in a determination of the strength of ship structures. 


I observe that the author discards the old theery of “ crystallization” in favour of the more modern, 
and I think correct one, of “fatigue.” I have, on several occasions, inquired from metallurgists as to 
the cause and meaning of what is sometimes explained to be the “crystallization” of material in way of, say, 
a fractured sheerstrake or a fractured rudder stock, but without much enlightenment. I presume I am 
correct in inferring from the second paragraph of page two, that Mr. Edgar agrees that many of the 
failures which hitherto were said to be due to “crystallization” were in reality due to “fatigue,” or in 
other words, the breaking up of the structure of the material due to repetition of stress. The research 
Professor at the University of Illinois, defines “fatigue” as the action which takes place in material 
causing failure after a large number of applications of stress. Failures due to “ fatigue” are characterised 
by their suddenness, and by the absence of general deformation in the piece which fails. 


In discussing the comparative stresses in various parts of a hull structure, it cannot be too strongly 
borne in mind, as emphasised by Mr. Edgar, that due to the complexity of the direction and nature of the 
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stresses imposed, it is impossible to assess with any degree of exactitude what will be the maximum in 
service conditions. All that can be deduced is a comparison with similar vessels which have satisfactorily 
stood years of stress of weather conditions, which after all, is probably the more satisfactory basis. 


When one examines material which has failed in service, the remarkable feature is the frequency 
with which the fracture happens at a part which might be less expected to fail, and may not follow rivet 
holes, butts, or other comparatively weak spots. The break may be through solid material, which 
undoubtedly has ruptured due to a combination of “ fatigue” of the material and a suddenly applied 
intensive stress. Were the break due to deficiency in strength alone, 1 presume the failure would 
naturally take place through a line of weakness, such as a row of rivet holes, by fracturing the plate 
and/or shearing the rivets. 


I recently read a report by the U.S. Interstate Commerce Commission, which gives some very 
interesting information on another phase of “fatigue,” namely what are termed internal transverse 
fissures in steel rails. It would seem from this report that such fissures are caused by a state of internal 
strain in the head of the rail set up by the constantly repeated cold rolling action of the wheels. Very 
hard steels are more prone to this trouble, especially when subjected to high wheel pressures. The 
fissure seems to commence from a tiny nucleus and progressively enlarges, until eventually the surface 
of the rail is reached. They are usually located in the upper flange of the rail, towards the gauge side. 
Very little research along this line has been done in connection with shipbuilding materials. It may be 
that some enlightenment might be forthcoming from similar considerations. 


Mr. Edgar deserves the thanks of the members for his very lucid and informative contribution to 
the Staff Association Transactions. 


Mr. R. S. Jonnson. 


The behaviour of metals subjected to alternating stresses has attracted considerable attention during 
recent years, and increased value is being attached to tests of this nature for materials of construction. 
Whatever the results of laboratory alternating stress tests, they must be of great interest to the construc- 
tive engineer who always welcomes further information concerning his materials, whether negative or 
positive, for in both cases he is provided with additional safeguards against failure of design. Under 
dead loads it is admitted that materials might be strained without resulting fracture above their elastic 
limit, and it was considered that under alternating stress conditions the elastic limit was a reliable 
criterion of the true factor of safety. Ultimate strength is really the primary basis for this, and recent 
experiments would indicate that the fatigue limit is more closely co-related to the ultimate strength than 
is the limit of proportionality. Alternating stress tests for material of construction should, therefore, 
when definitely established relative values are decided, be useful to the designer, 


The author naturally does not load his paper with available evidence of the existence of this relation, 
but Appendix A is evidently added with the object of supporting this point of view. There it is suggested 


: endurance DON : 
that the ratio of Sinaia etal has a value of about 45, which, on the figures given, would appear a 


reasonable average value ; but it would be useful to know whether the ratio found for the 132, the *21 
and the ‘31 percentage carbon specimens, which are somewhat eccentric, can be accounted for in any way. 
Also to what extent has it been established that the average value of *45, say, might hold for other 
metals having a structure similar to that of steel. 


The author appears to place little value upon the speed of stress reversals ; but it may be suggested 
that in the case of a ship this factor is, perhaps, of some importance. In this instance speed of stress 
reversal is relatively low, and there is time for each stress condition up to the maximum to develop the 
strains relative to this stress, assuming a certain amount of time-lag between stress and resulting strain. 
On the contrary, where alternations are rapid, as is the case in the laboratory experiments referred to in 
the paper, the material has hardly time to deform under the applied stress, even if the tendency for this 
was present. Thus it is probable that further experiment may show that if the period be increased from, 
say, a fraction of a second to one of 10 seconds, the safe limit of alternating stress would require to be 
reduced, or, if not reduced, fracture would occur after a fewer number of alternations. 
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The author suggests in general that some of the failures of the material in a ship’s structure are due 
to fatigue, and that these failures may be avoided if due regard in design is paid to fatigue limits 
obtained experimentally. 

In a complicated built-up structure such as that of a ship, there must be always preliminary local 
stresses due to fastenings, which are probably dissipated after a short period of sea service ; but before 
this is so local failure may occur in a new ship. Also in the material itself internal stresses may be 
present, which can cause failure at any period of the ship’s life. Such considerations certainly add to 
the difficulty of ascertaining the extent to which fatigue may be assigned as the cause of failure. It 
would appear, however, that so-called fatigue is a possible cause, and a remedy which eliminates one 
source of trouble is of value. This paper, so far as the writer is aware, is the first attempt that has been 
made to indicate a relation between the fatigue of metals and ship design, and his figurative argument 
errs, if at all, on the moderate side. The stress reversals encountered in one stormy night at sea will 
discount the effect of several days calm, and so maintain a fairly high average per day for the voyage ; 
but this is assuming that rest periods in calm and in port do not affect the case. If this is so it would 
follow that even if material did not suffer reduction of scantling due to corrosion, ultimate fracture would 
be inevitable whenever the original range of stress exceeded that of about 11°5 tons per square inch for 
steel. 


In view of this would the author goso far as to suggest that structures built of such material should, 
after a certain number of years of service, have pieces of the material cut out and submitted to fatigue 
tests to ascertain condition. Such tests applied to material from old ships now breaking up would, 
perhaps, give interesting results. 

A particular feature of old iron ships is not so much the reduction of thickness of the material, but 
that it is generally found to be cracked. Would the author also attribute this to fatigue in the material ? 


REPLY BY THE AUTHOR. 


May I express my appreciation to those who have given their views on this subject, the different 
aspects shown in some instances indicate, however, that divergent views are held on what is undoubtedly 
a fundamental matter. This certainly adds interest, and I will endeavour briefly to reply to the points 
raised. 


There is, however, first one matter to which reference should be made. The experiments on mild 
steel, of which the results are given in Appendix A, were carried out during and after the war. It has 
been brought to my notice that the mild steel as used in shipbuilding to-day is not the mild steel of 
pre-war times, principally on account of the less mechanical work put into it. For shipbuilding, mild 
steel as such, there are not, as far as I am aware, any extensive series of experiments dealing with its 
properties under repeated stress, so that there may be a gap in the connection of Appendix A with 
shipbuilding mild steel. It is not thought that the gap is of great extent, but at the same time it was 
thought necessary to draw attention to it. For those specimens which would come within the Rule 
requirements of ultimate tensile strength the remaining properties, not stated in Appendix A, are such 
as would appear merely normal qualities. | Any reservation implied by these observations merely extends 
to the absolute values quoted for mild steel and not, of course, to principles and other matters involved 
throughout the paper. 


Mr. Dorey draws attention to the varying values assigned to the elastic limit of mild steel and to 
the variation in its value consequent upon repeated loading. These different values may all be correct 
as determined, so that little guidance can be afforded as to the relative value of known and unknown 
materials when measured in this way. 

His criticism regarding the application of the “ fatigue” range under axial stresses to the decks and 
shell would appear to be well founded as far as the decks and bottom shell are concerned, but not 
regarding the side shell. The values given in the appendix are as stated for reversed bending and were 
deliberately chosen owing to these results varying but little with the type of testing machine used. 

The figures given for the effect of a discontinuity—in this case a circular hole—are interesting, and 
show that the reduction in endurance is nothing like what would be expected from a consideration of the 
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effect of the theoretical increase in stress. The material used, however, is not stated, but it is under- 
stood to be ordinary mild steel. 


Mr. Dorey refers to a matter of considerable importance when he indicates that the basing of the 
testing of mild steel as used in shipbuilding on the ultimate strength is on sound grounds, a coaclusion 
confirmed by the success mild steel has achieved in the past. 


Mr. Parker, while in general agreement with the conclusions arrived at, raises the question of the 
period of the repetition, and considers the period of roll and period of pitching more applicable in certain 
cases. As far as the stresses resultant from these motions are concerned, and they are considerable, this 
would appear to be quite correct. At the same time, however, the whole of the forces involved in the 

uestion of transverse strength do not vary with the rolling period, so that while the variable nature of 
the stress sustained is clear its exact incidence is difficult of definition. This should not, however, as 
Mr. Parker observes, have the effect of obscuring the general nature of the steaming action, but rather 
of emphasizing it. 
of max. range 

ult. stress 
be considered constant—and it can for ordinary mild steel—then it is immaterial whether design be based 
on the value of the maximum range or on the ultimate strength. Quite so, but it must not be forgotten 
that this is only true so long as the ratio referred to can be considered constant, and that it cannot be 
applied to other steels unless adjustment be made for any alteration in value. 

I do not agree with Mr. Ward that the assessment of scantlings is based on the ultimate tensile 
strength of the material as he apparently indicates. In the calculation of structural strength the 
establishment of a sliding scale of permissible stress with varying size of ship, and in the calculation of 
the strength of parts of the structure the existence of permissible stresses from 4 to 15, if not more, tons 
per square inch show that the margin between permissible stress and ultimate stress takes account of many 
other considerations besides the physical properties of the material. 

His account of the method adopted in the design of the welded ship is interesting as it is indeed a 
thorough going application of the results of fatigue test experiments to ship design. ‘That the calculated 
stresses as normally obtained do not give the actual stresses has been referred to elsewhere, and it would 
seem, at the same time, that the number of reversals of stress endured in the lifetime of a ship 
comprises practically indefinite repetition. At any rate it appears impractical to evaluate the number of 
repetitions endured during its lifetime by a ship, say 200 feet long so as to differentiate from those 
endured by a ship, say 800 feet long. 

Mr. Dickerson’s direct questions are welcomed, but the inexactitude of the calculated stress values 
as presently obtained, and the lessening of the inexactitudes constitute an entirely different matter. The 
stress obtaining must have a value, and even though that calculated can not be regarded as correct, except 
within wide limits, this in no way affects the truths underlying the behaviour and endurance of the 
material, and it would appear that in a successful ship the stress points for its various parts do lie within 
the shaded area, whether they can be calculated or not. If this be conceded, it represents one step, 
although a small one, in the direction of the narrowing down of the degree of error in calculated stress. 


I agree that in most cases the stresses derived by calculations do not represent the actual stresses, 
but, despite this, they are often referred to, or thought of, as the actual stresses. An example of this is 
seen in Mr. Thomson’s contribution to the discussion. With regard to “the real margin of safety” it 
should be noted that the qualification made by Mr. Dickerson “from calculation” does not occur in the 
paper, and if such is to be made it must be ‘from correct calculation.” Those referred to cannot be 
regarded as correct in absolute value. Further, a breaking away from the usual method of calculation 
was not actually advocated, but it is considered that any adjustment or amendment effected which gives 
as a result a stress more nearly in agreement with the actual is of advantage. It does not appear 
that the removal of any artificiality from the stress computations should require any justification, and 
I do not think the resulting advantage can be denied nor can its limits be assessed. 

The method of comparison of stresses under assumed conditions is so much a part of assessment of 
scantlings that it practically governs the whole of the structure of a ship. In most instances it is a case 
of maintaining the Rule standard. Where the stress computation presents especial difficulty, a 
comparison with the nearest similarly indeterminable case may prevent overmuch adding of material. 


For reversal of stress, as Mr. Ward points out, of the ratio, have a value which can 
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There are cases, however, removed from any similar previous cases, where, in short, there is nothing to 
compare with, and here an attempt is made to estimate the maximum stress under assumed worst 
conditions. In this event the value of the material must be known if any information at all is to be 
derived from the stress calculation. Further comparison alone does not make for progress, no advantage 
can be claimed for perpetuating weaknesses, and little for a superabundance of material. Unless some 
attempt is made to connect these features with actuality, they are likely to remain for all that comparison 
alone will effect. 


Apart, however, from the question of estimation of scantlings, Fig. 4 is of use as a representation of 
the value of mild steel, and on this basis a comparison with other materials could be made and their 
worth assessed. It would also be of use when a reason is sought for failure which has occurred when it 
is known that the limit of strength has been reached under the type of loading prevalent at the time. 


With regard to Mr. Dickerson’s last question re Fig. 4, failure by yield has been considered to be 
failure, just as much as failure by fracture, and had the shaded area been extended to the line D there 
would have been included within the added area stress cycles whose maximum stress could be greater 
than the yield stress, so that failure would have occurred by yield and not by fracture. They could then 
be considered as cycles of safety. 


Mr. Thomson feels sure that there is matter for controversy, but it should be made clear that there 
is no reference in the paper to his failure “by stresses passing the elastic limit.” Rather was it 
indicated that the latter had no exact location which could be passed. 


Because of the difference between five hours and ten days Mr. Thomson rejects the experimental 
evidence of the effect of speed. His reasoning is not exactly obvious, though evidently he admits that a 
speed of 500 revolutions per minute may ultimately produce fatigue failure. As indicated, however, 
Bairstow’s experiments were performed at 2 revolutions per min., Fairbairn’s at 8, Baker’s at 50 to 60, 
and Wohler’s at 80, so that the significance of 500 is not apparent. 


With regard to the effect of rest, Mr. Thomson might have defined what he understands “is 
generally understood,” especially in view of his extensive conclusion, otherwise it may be noted that a 
temporary beneficial effect has been found in these cases where the safe range has been exceeded. In 
view of the indefinite nature of the period of rest, of the number of repetitions endured, and of the 
existing, but scarcely assessable, increases in stress caused by discontinuities of all sorts, it does not seem 
legitimate to ignore the effect of such ranges of stress as will result. His suggestion would appear to be 
based on a confusion with the effect of rest from overstrain in statical tests. 


Mr. Thomson calculates the stresses of the oil tanker which fractured, and apparently regarding 
these as correct, proceeds to infer that the values shown in Fig. 4 are wrong. The explanation is, 
however, as he must know, that the calculated figures do not represent actual stress values, and are 
therefore no evidence as to the reliability of Fig. 4, which is derived from the actual results of 
experiment by responsible investigators. With the meagre information afforded it is, of course, 
impossible properly to assign a reason for this fracture, but doubtless the condition of the structure at 
the point of fracture would have been illuminating. At any rate, as Mr. Thomson rejects the effect of 
fatigue, is it to be supposed that he believes the material fractured at the ultimate stress, which would 
appear to be the only alternative left. If so, according to his reasoning, mild steel should fracture at 
9 tons per square inch compression, or 2 tons per square inch tension, a result which suggests that the 
“considerable reservation ” advocated should be devoted elsewhere than to Fig. 4. 


It is not understood what is meant by the suggestion to adapt the diagram in Fig. 4 to introduce 
the elastic limit. The essential feature of Fig. 4 is repetition of stress to the extent of 10,000,000 
repetitions, under varying values of mean stress and range, and its connection with the elastic limit 
cannot be made. It is not considered for the reasons given in the paper that the permissible stress 
should be connected with the elastic limit in any diagram. 


With regard to the raising of the limit of proportionality which Mr. Thomson regards as sufficient 
reason for allowing a reduction in scantling, this could be effected on ordinary mild steel under certain 
conditions of repetition of stress. It would not appear that this can be regarded as adequate reason by 
itself for a reduction in scantlings. If, however, it be associated with a higher fatigue limit, no reduction 
in factor of safety need be contemplated, and it is at least open to question whether any such general 
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reduction in factor of safety could be justified. Any extra margin against buckling also is reduced 
when a reduction in scantlings is made, and an admission of reduced factor of safety would logically 
entail a reduction in mild steel scantlings, provided the design, as it could, obviated the occurrence of 
buckling. 


I am indebted to Mr. Hodgson for the instances he gives of what undoubtedly appear to be 
examples of fatigue fractures, and while, as he says, they may not be of major importance under present 
conditions, under different conditions of reserve of scantlings against eventualities, a changed outlook 
may be presented. ‘The fact that these fractures do occur in cases of local wastage shows that the 
material is really subject to stresses tending to cause fatigue. 


The President deals with the application of the results of repeated stress experiments to ship design, 
and concludes that their application would be fraught with trouble. This, of course, would depend on 
the extent and manner of application ; but it seems obvious that if a structure is subjected to repeated 
stress, the material of which it is composed must behave as such material has been found to behave under 
repeated stress. Whether we design with these results in view, or on any other method, the material will 
still behave in that way, and it therefore appears advisable to bear these results in view. 


Designing ab initio from these results was not suggested ; but it was intended merely to discuss 
what is the basis of strength actually holding The suggestion that the scantlings—and consequently 
the stiffmess—would be reduced if such an attempt were made, cannot be agreed with, as this obviously 
depends on the factor of safety used, and there is no reason to suppose that this should necessarily be 
too small. 


With regard to the last paragraphs of the President’s criticism, he evidently visualises a difference 
between applying the results of repeated stress experiments to a structure and to a more simple item. If 
any piece of a structure subject to repeated or variable stress be considered, there does not appear to be 
any difference between its stress conditions and those of a similar piece of similarly stressed material 
forming part of a machine. The principles involved in repeated stress conditions would seem to hold in 
either case, and though it is agreed there would be difficulty in applying the results, it is the difficulty of 
calculating accurately the stresses obtaining, and not from any non-applicability of these results. 


The absence of general deformation under fatigue fracture referred to by Mr. Bennett is presumed 
to mean the absence of the “ necking down” ordinarily exhibited in a mild steel tensile fracture. It is, 
however, necessary to differentiate between reversal of stress when the mean stress is zero, and a repetition 
of stress associated with a high value of mean stress. In the case of an ordinary statical fracture, little 
necking down is exhibited with a high carbon steel and more with a more ductile low carbon steel. 
Under repeated stre s when the mean stress is zero or low, little elongation takes place, no matter what 
is the type of statical fracture, and this is probably the reason for the idea of acquired brittleness being 
held. When the mean stress has a high value, necking down, however, occurs under repeated stress, and 
in the case of very ductile materials the fracture hardly exhibits the characteristics associated with the 
“brittle” fracture under reversal of stress. Generally, however, it is thought that one portion of the 
fracture is the result of the propagation of a crack and the remainder by the tearing away of the material 
remaining. Suddenness is not necessarily an accompaniment of a fatigue fracture. In some cases 
millions of repetitions have been sustained after the initial crack has become visible. 


With regard to Dr. Webster’s consideration of the “separated” character of the various series of 
repetitions experienced on service, I think it should be borne in mind that, as stated on page 8, when 
referring to the effect of rest, it was not held that it had no recuperative effect, but that it was not a 
feature on which much reliance could safely be placed. Complete reversal of stress is not necessary to 
produce failure Ey fatigue, partial reversal or repetition of stress of the same kind may do so, The 
experiments of Muir refer (as far as my knowledge goes) to recovery from statical over-strain, though 
they have bearing and afford explanation regarding the phenomena of repeated stress, if the safe range 
of stress is exceeded then, though by rest the endurance (the number of repetitions to fracture) may be 
increased, the limiting safe range is not, and therefore a sufficient number of repetitions would appear 
inevitably to cause fracture. If the safe range of stress is not exceeded then we know that a very large 
number, probably an unlimited number, can be endured. In the case, however, when we need an extra 
safeguard, rest does not appear satisfactorily to offer it. Recovery from statical overstrain is not the 
same thing as endurance of an unsafe range of stress. Again, would it not seem to be too optimistic to 
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assume that conditions producing reversal of stress are not likely to be encountered. Conditions producing 
available tension or compression may be met with—on the other hand they may not? Also, it is thought 
that many ships will never reach a temperature of 50°C. The highest temperatures in tropical waters, 
I am informed, are about 88°C., say 100° F., and these in more isolated parts. 

The endurance of old vessels should rather be attributed to their stress cycles falling within the 
various safe ranges, local concentrations of stress being accommodated as indicated on page 10. (See 
Mr. Dorey’s remarks.) 

With regard to the elasticity of the ship, whatever the action might be considered to be at the more 
flexible or yielding portions of the hull structure, between these the material would appear still to be 
subject to the stress induced by the loading and support of the hull. The effect of the butts appears to 
be diminished by contiguous plain material as a shift is arranged, and | cannot visualise elongation at a 
ereater rate than the surrounding material would normally have. The extension may, however, be more 
than would result if the structure were homogeneous steel, owing to the butts and other weaknesses 
throwing extra stress on to the remainder. 

I am sorry Dr. Webster should have to deplore the lack of reference to buckling. Tt was almost 
entirely excluded, as it was not thought to be of very great importance, as it occurs principally in those 
superstructures which are additional to the hull proper, and as it is dependent primarily on the spacing 
of the supports to the plating, it should not be a difficult matter to avoid. Whether adjustment of 
spacing of the supports be supplemented by fore and aft stiffening, or whether the decks be sheathed, 
depends on the more particular features of the design of the ship. Dr. Webster is quite right when he 
says insufficient attention has been paid to it, as can be seen from a consideration of the comparatively 
low stress which will produce buckling in unsheathed plating with the supports spaced as in much 
modern practice, compared with that necessary to produce failare in other ways. It would appear, as he 
says, that more work would be thrown on the unbuckled portions of the structure. 

Mr. Johnson refers to what he considers rather eccentric values given in Appendix A. The reason 
for this divergence is not known, but it is not thought to be large in degree, and exact agreement could 
not be expected. The value of *45 does not hold except for the limited extent given and should not be 
applied to other materials. 

The reasoning given by Mr. Johnson on the effect of speed of repetition is quite refreshing, and | 
am tempted to draw Mr. Thomson’s attention to it, though it is to be doubted whether it would commend 
itself to him. In this matter, however, the true test would appear to be reliable experiment. 

As, in the majority of cases, the probability is that the stress ranges endured are within the safe 
ranges and in that case nothing would be gleaned from “fatigue” tests on material from old ships. 
Should, however, the safe range have been exceeded to any extent then information would be derived 
from such tests, and the cracks in old iron ships and the tendency of the material of old iron ships to 
crack while under repair indicates that there is certainly something to be learned in this direction. 
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THE CARRIAGE OF TIMBER IN THE BALTIC. 


By Jac. v. ROSEN. 


Reap 97TH FrBRUARY, 1926. 


HISTORICAL, 


In the Danish-Norwegian Navigation Act of 1561, a codification of Baltic Acts and Usages, we read 
the following chapters :— 


41.—If a Skipper freights his ship to any Merchant and the same Merchant against the 
will of the Skipper loads the vessel above its proper draught and manner, and the vessel gets into 
any accident, then the Merchant shall make good half the damage, etc. 


42.—Every Skipper shall take good care and not overload the ship, ete. 


50.—A ship which is loaded with merchant goods and gets into storm or other distress, so 
that the Skipper must throw overboard part of the goods, shall act as follows, The Skipper 
shall value his ship, as if he would keep it himself, or as it would be taken over by Merchants, 
also the goods which are thrown overboard shall be valued as goods sold in the market. 


The freight as well of the goods which are thrown overboard, as of those which are kept, 
shall be noted, and then all interested take part in the loss according to their share, etc. 


The oldest Baltic trade track went from the Hastern Baltic to the town of Sleswick, where the goods 
were transferred to the North Sea. In the 13th century, when the Germans expanded to the coast, the 
Baltic trade got into the hands of the Union of North German towns, the “Hansa”; they founded the 
commercial centre Visby on the island of Gotland and diverted the trade mainly over Liibeck; South 
Swedish deals are still sometimes called “ Liibecker deals”. The influence of the Germans in the Baltic 
declined in the 16th century in favour of the Dutch, in consequence of the increasing importance of 
oversea navigation. ‘The Baltic imports at that time were general merchandise, salt and wine, the exports 
being grain, hemp and flax, wood, pitch and tar. The trade took place mostly in the Southern part of the 
Baltic; in the Elsinore custom accounts from the 16th century “Prussian balks” and ‘“Stettiner 
boards” are mentioned. 

As the Danes had only a minor share in the trade, they took advantage of their position to levy a tax 
on the ships passing Elsinore at the entrance of the Sound, in return for which, it is stated, the Danes 
undertook to keep the entrance to the Baltic, the Kattegat, lighted in four places and to keep the Baltic 
free of pirates. Until 1567 the tax had been the same for all ships, but this caused the ships trading in 
the Baltic to increase in size, and the tax was therefore assessed according to size. The tax collector 
divided the ships into three classes, those below 30 “Laester” (a Laest equal to about tivo Register tous), 
those between 30 and 100, and those over 100. In the year 1558 as many as 2251 ships were detained 
at Elsinore, and as late as 1841-45, shortly before the tax was abolished, 16,000 ships passed Elsinore 
annually. 

The latest change in the Baltic trade tracks took place in the nineties of the last century, when the 
Kaiser Wilhelm Canal was cut through Holstein; through this canal now passes annually 14,000,000 tons 
of shipping (1924). The passage through the canal shortens the voyage from the English Channel to the 
Baltic by 250 miles. 
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GEOGRAPHY AND Exports. 


To keep the paper within proper limits, the particulars stated are mainly confined to Finland and 
Sweden. Timber and wood products are, however, also exported from Germany, Poland, the Border- 
states and Russia, as well as from the three Northern countries, Sweden, Norway and Finland. 


Nearly three-quarters of the land area of Finland is covered with forests, of this area 60 per cent. 
is considered to be of “first grade,” and of these again are :— 


52 per cent. covered with pine, 
25 ” ” ” fir, 
17 ra ve » birch. 


The Finnish export of unsawn wood was, in the year 1924, 2,940,000 cubic metres and the export of 
sawn wood was 1,017,000 standards, 

Of the unsawn wood export, about 55 per cent. was mining timber and pitprops and 25 per cent. 
pulpwood. The fear is expressed that the cutting of the forests in certain parts of South Finland is 
proceeding at too quick a rate. 

The Finnish export, stated above, equals the carrying capacity of 520 steamers of 633 standards 
(2,000 tons D.W.) each making five voyages in the export season. During the years 1920-24 the Finnish 
export of wood and wood products (including paper) comprised 85-90 per cent. of the value of the total 
exports of the country. 


Half the area of Sweden is covered with forests. 

The Swedish export, in the year 1925, of sawn and planed wood goods was :—988,000 standards ; of 
split wood and pitprops: 106,000 fathoms; of spars and balks: 143,000 loads; of sleepers, timber, 
telegraph poles and pulpwood 228,000 cub. metres. 

During the latest years, the Swedish export of wood and wood products, including paper, comprised 
55 per cent. of the value of the total export of the country. 


Norway exported in the year 1925;—sawn and planed wood goods: 606,000 cubic m.; mining 
timber and props: 167,000 cubic. m. 

The White Sea:—The Norwegian Consul at Archangel reports that, in the year 1925, 475 ships left 
the port of Archangel with cargo for foreign ports, the total export amounted to 913,000 tons ; the 
export from Onega and Mezen was, respectively, 101,000 and 47,000 tons of timber. 


RIVER TRANSPORT. 


The Northern part of the Scandinavian peninsula is dominated by the mountain ridge “ Kjélen,” 
from which a wide high land slopes down to the Baltic, Central Sweden, and South Norway. This is the 
rich forest land of Sweden and Norway. Every 50-100 km. in this territory is furrowed by large valleys, 
small lakes and rapid rivers, converging into 12 main rivers. 

The rivers are serviceable for timber floating over a long distance. The trees are cut during the 
winter ; when the bark has been removed the timber is transported on sledges to the river, where it is 
placed on the ice. When the ice breaks up in the spring the timber floats down to the coast, where 
it generally arrives in the early summer, although this is not always the case. The floating is directed 
by associations, who clear the timber, should it ground, and transport it across the lakes. In several 
places there are open wooden conduits for the timber, built at the sides of the rapids, to prevent the 
timber from being damaged. The loss from sinking is stated to be from 1-34 per cent., but in some 
cases it is more. The floating in Sweden, with its rapid rivers aud comparatively small lakes, is based 
on the principle that the single piece of timber is left to itself, as far as possible. 

The Finnish timber is also floated down the rivers, but owing to the great number of lakes the 
rafting system is used there. 

The railways also take their share of the transport, 
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Arrived at the mouth of the river, the timber is sorted and towed to the wharves for shipment or to 
the mills. As the rivers at their entrances are often shallow from deposits, the shipment places and the 
mills are often situated on the rocky coast or on the small islands, where in many places the biggest 
ships are able to load. 

From an exporting point of view, the Swedish and Finnish coasts are divided in districts, generally 
deriving their name from the biggest town in the district; when a ship, for instance, is stated to load at 
Sundsvall, it might be at any of the 50 loading places in that very extensive district. 


INDUSTRIES. 


The sawmills were originally driven by water power and therefore situated inland at the rapids; 
when steam power was introduced, the mills were transferred to the coast, where the goods are shipped ; 
the mills also grew in size and the timber was exported in a more finished condition. 

The present position in Scandinavia and Finland is that the pulp and paper industries (pulp is 
wood either ground mechanically or treated chemically for use in the paper manufacture) are being 
developed extensively, and are competing with the timber exporters for the wood. The home pulp industries 
are able, however, to use a lower quality of wood than that required for export, as regards size and 
quality. In consequence of this increased industrialism in Sweden and Norway, the buyers of mining 
timber and pulpwood are turning eastward to obtain the necessary supply, so that Finland is at present 
supplying the biggest amount of these timbers amongst the Baltic and Scandinavian countries, but in 
Finland also the tendency is towards increased refinement of the export products. 

This tendency favours the big companies; in the year 1924 the 9 biggest syndicates in Finland 
had 52 per cent. of the sawn timber export (25 sawmills against 500 outside the syndicates), they further 
had 24 per cent. of the mechanical pulp export, 77 per cent. of the chemical pulp export, and 91 per cent. 
of the paper export. 


THE Paper TRADE. 


The following figures serve to place the Scandinavian and Finnish wood industries in the right 
perspective :— 


Tons. 
1920. Sweden’s export of mechanical pulp ne ak ie va 163,000 
1922. Sweden’s export of chemical pulp ... sf By: oy = 894,000 
1924. Finland’s export of mechanical and chemical pulp and paper... 593,000 
1925. Norway’s export of mechanical and chemical pulp and paper... 1,132,000 
1925. Canada’s production of papersprint 4 An Ay . 1,522,000 
1925. The world’s production of paper (estimated BE vil se 5,000,000 


The following extract from an advertisement in British papers, this year, will bring home the 
importance of the “light wood” trade to British readers :— 


ANGLO-CANADIAN Pup anpD Paper Mirus, Lop. 
Offer for sale of £1,800,000 64 per cent. 30-year Guaranteed Mortgage Debentures. 


The Debentures are jointly and severally guaranteed as to principal, premium, and interest, 
by the Daily Mirror Newspapers, Ld., and the Sunday Pictorial Newspapers (1920), Ld. 

The Guaranteeing Companies have an option to buy from the Company, for their own use or 
resale, 41,600 tons (of 2,000 pounds) of paper per annum for a fixed period of twenty-five 
years . . . . but not exceeding thirty years... . 

It is expected that the two paper machines will be producing paper by the end of 1927, and 
the remaining two a year later, together having an annual output capacity of over 130,000 tons. 

The Company . . . . acquired the timber limits of 2,237 square miles of heavily timbered 
pulp-wood forests on the River . . . . which is a tributary of the St. Lawrence River . . 

Expert timber cruisers have conservatively estimated the quantity of pulp wood on this area 
at not less than 8,000,000 cords, being sufficient for more than 5,000,000 tons of paper. 

The Company is about to conclude a working agreement with owners of adjacent timber 
limits practically equal in size to those owned by the Company... . 
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Batic SHIPPING. 


The Baltic is characterized by the severe winter; most ports south of Stockholm are, however, kept 
open all the year, but north of Stockholm, at 61 degrees latitude, is Gefle closed from the middle of 
January till April, and Lulea, at 66 degrees latitude, is closed from the middle of November till the end of 
May. The most important places, such as Stockholm and Hangé, have powerful icebreakers and ice- 
breaking steamers, enabling passenger and mail service to be maintained most of the year. 


Finland has six Government icebreakers at its disposal :— 
Programme to keep open the railway termini during the winter 1926-27. 
Two icebreakers start the season in the north Finland at Yxpila (Gl. Karleby), retreating as 
far south as Abo. 


One icebreaker keeps open middle Finland (Wasa) till the 10th December, two ports further 
south till the 10th February, and retreats to the Abo-Stockholm route; returns in the spring. 


One icebreaker, stationed at Helsingfors, falls back to Hangé, the winter port of Helsingfors. 
Two icebreakers commence the season in the interior of the Gulf of Finland (Wiborg), 
retreating as far as Helsingfors. 


(See also Mr. H. J. Thomson’s paper ‘ Ice Navigation and Damage in the Baltic,” L.R.S.A., 1924-25.) 


The most important Finnish steamship companies are :— 
Angfartygs A.B. * Bore ”’—mail, passenger and general cargo service in the Baltic. 


Finska Angfartygs A.B.—mail, passenger and general cargo service in the Baltic and the 
North Sea. 


The most important Swedish steamship companies are : 
Rederi A.B. “Svea” of Stockholm—coasting service east coast of Sweden, and from east 
coast to Baltic and North Sea countries. 
Fornyade Angfartygs A.B. “‘ Gotha” of Gothenburg—service from the west coast of Sweden 
to North Sea countries. 
The “Svenska Lloyd”—services from Gothenburg to England and the Mediterranean. 
The “ Svenska Orient Line,” in 1925, nineteen departures to the Mediterranean. 


The Danish United Steamship Co. connects the south Baltic with North Sea countries. 
The Ellerman, Wilson Line—service from the east coast of Great Britain to the Baltic. 
The Ellerman, Stott Line—service from the west coast of Great Britain to the Baltic. 


A characteristic of the Baltic shipping, in connection with the timber export, is not only the great 
variety of nations sharing it, but also the many types of ships. The numerous loading places favour the 
small ships trading in the Baltic and the North Sea. 

In the position list we thus find noted—12/7/26—8 Finnish barques, 2 other Finnish sailing ships, 
6 Danish barquentines, 9 Danish schooners, &c., trading to Baltic ports (Figs. 1 & 2). Besides these 
ships we meet numerous little sailing ships plying inside the Baltic and the Kattegat (Figs. 3 & 4). 


Finland, with the Aland Isles, has still a big fleet of sailing ships :— 


January, 1926.—566 steamers... ... 105,000 tons gross. 
97 motorships ... 12,000 ¥ 
541 sailing ships ... 83,000 pe 
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The bulk of the timber is, however, shipped in small and middle sized tramp steamers, making 
round yoyages in the North Sea—Baltic, bringing timber to United Kingdom, France, Holland, and 
Belgium, and taking coals, &c., back. In the North Sea—Baltic the steamers are able to make four or 
five round voyages per season. 


Extract from Danish position list, 25th May, 1926. 


DANISH STEAMERS TRADING ON Batic Ports. 


Tons. Dimensions : 
| 


D.W. | Lgth. Bath. Dpth.m. 


Year Summer 


Erections. | Standards. Bile, | reshoxsds) 


paar a een ae 
| 

Steamer... ... ...| 3700 | le 
“Esther Maria” ...) 3160 | 279°0'x40°2'x20' 7” | 22’-60'-80' | 1040 | 1922 | 3! 2” 
Steamer... ... ...| 2875 | 
Steamer... ... ...| 2000 | 
MLMDer eee Vee ess LOND a ein Ooo x Bomex lea | nbd ae, 650 1922 | 92' 0” 
“Simone” ... ...| 1950 2382°0' x 35:0’ x 18'10” 22'-59'-29' | 610 1904 2D 
Steamer... ... ...| 1650 


Steamer... ... ...| 1400 


| | | 
| | | 


The number of standards stated include the deck cargo, and corresponds to the D.W. and freeboard ; 
in a three island steamer, with short bridge, the deck load is stated to be somewhat less than one-third 
of the total number of standards stated, a standard being 165 cubic feet. 


The importance of the Scandinavian timber export for Great Britain is illustrated by the following 
table :— 
European countries which received the biggest amounts of sawn wood goods 
from Finland in 1923, and from Sweden in 1925. 


Finland—1923. Sweden— 1925. 
SCT eae Oar eee pam ria uae — Standards 84,000 Standards 
Belgium =H Ue HOS 118/000 x 51,000 Pr 
Rrance i) #6i 4..ual ee PE 801000 “4 104,000 a 
Hollands: se sme Arde. (airs 7 11425000 é 110,000 Ff 
Great Britain and Ireland ... 375,000 ie 383,000 RS 


In the year 1925, Great Britain received 60 per cent. of the Norwegian sawn and planed timber 
export, 70 per cent. of the mechanical pulp export, 387 per cent. of the chemical pulp export, and 
32 per cent. of the paper export. 


OveERSEA LINEs. 

In the position list of 5/7/26 we find a Wilh. Wilhelmsen, Tonsberg, 5971 tons gross steamer, 
calling at Kalmar, Gefle and Sundsvall, and sailing for Sydney; a Fred. Olsen, Oslo, 2904 tons gross 
motor vessel, sailing from Helsingfors to Rio Janeiro; and a Norske America Liner, 4271 tons gross, 
calling at Sundsvall. 
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Such cargo liners also take wood deck loads, with, for instance, cement in the bottom of the holds 
and paper on top of this. 

The direct connection of the Baltic with the overseas countries has, due to the flourishin wood 
industries, been much developed during recent years. Besides the above named companies, Scandinavia 
and the Baltic is served, amongst others, by the Svenska Ostasiatiska Kompagni of Gothenburg, to the 
East; Johnson Line of Stockholm, to South America and the Pacific; ete. : 

The three Swedish companies, Transatlantica, Svenska America Line. and Svenska-Amerika-Mexico 
Line, have in conjunction kept up services between Scandinavia, Finland, the Border States, and overseas 
countries ; in 1925 there were recorded :— 


29 departures for South Africa, 


17 <a ,, Australia, 
12 % .» Dutch India, 
2 », Gulf of Persia, 
36 7 .»» North America and Gulf ports, 
17 be ,, Gulf of Mexico. 


Finland has commenced this year its own services to the Mediterranean and South America. 


In the year 1925 Sweden exported to overseas countries and the Mediterranean the following 
quantities of sawn and planed wood :— 


South America ste r ids ..» 2,900 Standards 
Canary Islands mee ae oa peer ee gel ay +3 
Morocco, Algiers and Tunis ee .-- 8,000 ¥ 
Egypt oe; te xe xe see 13,000 oe 
Australia... oe — oo --- 26,000 “A 
South Africa nes re maa «+» 33,000 +5 


TIMBER AND STOWAGE. 


The definition of “light wood” as given in the proposed “Rules for the Carriage of Light Wood 
Goods as Deck Cargo” is: “pine, fir, spruce and other similar sorts of wood.” Continental people 
will think the definition of pine and fir simple, but may find some difficulty as regards spruce. Looking 
the question up in the encyclopedia makes it, at first sight, still more complex :— 


“Frr, the Scandinavian name originally given to the ‘Scotch pine,’ but at present not 
infrequently employed as a general term of the whole of the true conifers; in a more exact sense, 
it has been transferred to the ‘spruce’ and ‘silverfirs.’”” 


As the Rules state the three names without any definition, the question is evidently expected to 
present no difficulty in practice. Pine is the Norwegian-Swedish, Furu (tall); the Danish, Fyr; the 
German, Kiefer (Fohre); the Latin, Pinus sylvestris. Fir and spruce are the Danish-Norwegian-Swedish, 
Gran; the German, Fichte (Tanne.) 

The limit between heavy wood and light wood is not stated in the above-named Rules ; this presents, 
however, no difficulty in the Baltic trade, as all pines and firs here are “light” according to the spirit of 
the rules, but what is the position of the American pines? It may be contended that dry pitchpine 
is not heavier than wet Scandinavian pine. In the Norwegian “Wood Deck Cargo Freeboard Rules of 
1915,” “pitchpine” is excluded from the “light wood” category. 

As regards the qualities of the Baltic timber, the biggest dimensions are shipped from Stettin and 
Danzig, being obtained from Southern Poland. The South Swedish timber is used in ordinary house 
building, while the close-grained North Swedish timber is preferred in joiner work. Fir and pine from 
North Sweden and Finland are much used in the pulp manufacture, or exported as pulpwood, fir being 
preferred to pine for mechanical pulp. 


7 


There is a great variety in the timber exported from the Baltic, and a bewildering variety in the 
eubic units. Dimensions are usually given in English measures. 


RounD TIMBER: 
Short pit props, 8 feet to 24 feet long by 24 inches mean diameter. 
Long ee props. 
Round mining timber, 18 feet to 10 feet long by 7 inches to 4 inches mean diameter. 
he 6 feet long by 4 inches top diameter and above. 
8 
catadlt poles. 
The cubic units are, respectively, 180, 180, 100, 216, 120, and 100 cubic feet. 
Sawn timber is measured in St. Petersburg standards of 165 cubic feet. 


The following figures, which have kindly been supplied from Norway and Finland, will be of 
interest :— 
Norway, 1926: 
Standard. Cubic feet per standard on board. 


Planed wood... 165 cubic feet about 200 
Sawn wood... ... 165 ne » 200-220 
Balks sen yeep ses ol 60 Fr + 225-240 
Prope sce. ose lss0) 18D By » 210-220 
Pulpwood ... ... 216 ‘ » 240-250 
Wet mechanical pulp .. About 55-65 cubie feet per 1000 kg. 
Dry » 100-120 ” 
Cellulose (chemic al pulp) » 60-70 af 


FINLAND, 1926: 
Weights per cubic metre loose measure. 
Pulp, bark half removed, fresh... te 560-570 kg./eubic m. 


Pulp, bark half removed, dry or half dry y «about 


Pineprops, bark half removed, fresh 


520 


610-620 


” 


Pineprops, bark half removed, dry or half dr y 430-440 i" 
Matchwood, Aspen, with bark, fresh... .. 580-600 % 
Matchwood, 0 bark removed, aerate «about 450 % 
Mixed wood, fresh . F ssa Noes 500 Ls 
Mixed wood, dry 350-400 a 


Wet mechanical pulp... ... ... per 1000 kg. 50 cubic feet, on quay. 
Wet mechanical pulp... ...  ... #8 60 iH in ship. 
Dry mechanical pulp... ...  ... i 90 . on quay. 
Dry mechanical pulp... ... a 110 re in ship. 
Galliigde:  Uvsn | uAbeses ie es eri 60 ce on quay. 
Cellnlosey ae ta-Os*. ieicnme cote . 5-80 os in hie 


SHIPMENT OF TIMBER. 


The timber is either loaded directly from the water, as is often the case with props, or from barges 
and quays. As the Baltic water, due to the great number of rivers, is more brackish the further north 
the vessels sail, until it is almost fresh at Haparanda, the increased draft has to be taken into account 
during loading, and a salinometer must be used. 


8 


Before the deck cargo can be taken on board the hatches are battened down and the ventilators 
lugged and covered. Battens are laid on the deck to secure drainage under the cargo. Side stanchions, 
uilt for instance of planks placed three or four side by side, are fitted in angle iron shoes on the deck 

along the bulwark. ‘The wood is then stowed longitudinally, sometimes with one or two cross layers. The 
wood, both in the holds and on the deck, is wedged tight as the loading proceeds. Where the deck cargo 
consists of small timber, planks or long props are placed vertically, side by side, inside the bulwark, 
forming a high solid bulwark. The cargo in the wells may be stowed as high as to the flying bridge. 
The top of the deck cargo is made flush, and at the end of the wells the cargo is stowed to form a stair- 
way on each side. 

One of the vessels double bottom tanks is left empty for eventual filling during the loading, and 
another tank for eventual filling at sea; if the vessel shows sign of heeling over the loading is stopped, 
a tank is run full, and the loading resumed. In newer vessels these tanks have a watertight centre 
division. Before any regulations were in force as regards freeboard, the steamers loaded very deep, as a 
well secured deck load was considered to confer increased safety; when later on freeboards were assigned, 
the customary depth of loading was found to be several inches deeper than the loadline marks. 

When the loading is completed the deck cargo is lashed with wires or chains (about } inch) secured 
to the hatch coamings, passing underneath and round the deck cargo, forming two or three bights on the 
top of the deck cargo, at each side in each well; the port and starboard bights—approaching each other 
in the centre line—are lashed together with ropes, turned tight with handspikes or by rigging screws 
lashed with ropes to the bights, the ropes being easy to cut with an axe in case it should be necessary 
to throw part of the cargo overboard. Extra lashings are run from the bulwark stanchions diagonally 
across the deck cargo, or from the top of the uprights. 


CASUALTIES. 


The following reports on casualties to ships with timber cargoes are taken from the Danish Sea 
Casualty Statistics; they illustrate conditions which may be met with in the Baltic timber trade. The 
casualties are only to be taken as examples, as they are chosen from over 2,000 sea casualty cases dealt 
with during the years 1911-18 and 1920-23. 


1. “Aros,” schooner, of Figeholm, 93 tons gross. 


Voyage: Raefsjé—Rodvig (Denmark). 
Cargo: Wood. 
Damage: Sprung a leak at Faxe Bay (Denmark), 10/9/1913. 

At 6 a.m. the hold had been sounded and found dry; one hour later the “Aros” was found 
leaking, having one metre of water in the hold; pumping was commenced. At 1.30 p.m. the pilot 
came on board, and the “Aros” reached its port of destination the same day. 

Norr.—According to the evidence of several witnesses the cause of the damage apparently 
was that the deck cargo—the “Aros” during the heavy weather had shipped much water—had 
been soaked and had bulged out, causing the deck to give way. 


2. “Willy,” schooner-brig., of Oscarshamn, 242 tons gross. 


Voyage : Séderhamn—Rochester. 
Cargo: Wood. 
Damage: Left filled with water in the North Sea, 17/1/1918. 


On the 5th, in the evening, after almost incessant rough and stormy weather, per of the deck 
cargo was found to have been lifted from the deck, and the “ Willy” found full of water. As the 
sea broke over the vessel, it was not possible to throw overboard any of the deck cargo during the 
night, and in the morning the course was set towards the Scottish coast. At 10 a.m. a sailor, 
E. J., was washed overboard and disappeared at once, it being impossible to make any attempt to 
save him. On the 17th the Shetland Islands were sighted ahead, when the trawler “B. A.” of 
Aberdeen, arrived . . . 

Nore.—The “ Willy” was abandoned because the cargo, being soaked, had bulged out and 
burst the ship. 
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3. “Rapid,” schooner, of Brantevik, 105 tons gross. 


Voyage: — 
Cargo: Wood. 
Damage: Left in sinking condition in the Baltic, 11/1912. 
(Report from the Svaneke (Isle of Bornholm) police court.) 


On the 17th, the “Rapid,” which floated on her cargo and was found abandoned by the 
crew, was taken into the “ Aerteholmene” by fishermen. 

According to newspaper information the “Rapid” had collided in the Baltic with the brig 
Sa of Ss. 


4. “Fox,” barque, of Arendal, 1232 tons gross. 


oo. 
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Voyage: Riga—Shields. 
Cargo: Wood. 
Damage: Collision in the Baltic, 13/12/1911. 

(Extract)... . at 9.30 p.m. the steamer “Jernbarden,” of Gothenburg, strack the “Fox” 
on the port side with full force. The “Fox” filled at once, the crew went on board the 
“ Jernbarden,” being afraid that the “Fox” might sink. As the “Fox,” however, floated on the 
cargo, the crew returned at 1.30 p.m. and the “Fox”? was towed by the “Jernbarden” into 
Copenhagen. 


“Bremersvold,” steamer, of Rodbyhayn, —- tons gross. 


Voyage: Pitea—Hull. 
Cargo: Props. 
Damaged at Pited, 15/8/1922. 

When at anchor on the roads, loading deck cargo, the vessel heeled about 15 degrees over to 
port. The port side engine tank was emptied to right the vessel, and some of the props were 
shifted. When 150 props had been shifted to starboard the vessel heeled over to this side, 
causing the deck cargo to shift, and to commence going overboard forward. The forward port 
side shrouds broke and the foremast went overboard. When the props had been cleared away 
from the rigging and lashings the vessel righted entirely. The bulwark was found broken and 
bent flat down for nearly the whole of the vessel’s length. The voyage was continued. 


. “Hekla,” steamer, of Copenhagen, 532 tons. 


Voyage: Sundsvall—London. 
Cargo: Wood. 
Damage: Damage and joss of deck cargo in the Baltic, 17/12/1921. 

At 10 p.m. the steering gear was damaged, and the hand gear had to be used. The vessel 
now steered N.N.W. to get into the shelter of the “*Sandhammeren,” as it blew a hurricane-like 
gale from the 8.W. ‘The vessel shipped much water, and part of the deck cargo was washed 
overboard. On the 18th, at 5.45 p.m., the hand gear got damaged; by fitting tackles on the 
quadrant, and leading the running paris to the winches, it was possible to steer the vessel. The 
“Hekla” then sought Simrishamn for shelter. 


“N. F. Hoffding,” steamer, of Copenhagen, 1693 tons gross. 


Voyage: Baltic—Algiers. 
Cargo: Wood. 
Damage: Damage and loss of deck cargo in the North Sea, 5/11/1911. 


About 10 p.m. the “N. F. Hoffding” shipped a breaker amidships, damaging the bridge and 
a lifeboat; later the vessel shipped a breaker forward, causing the deck cargo to go adrift, as 
several stanchions and lashings broke. Part of the cargo went overboard and the topsides and the 
deck were damaged. 
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8. “Poseidon,” ferro-concrete motor vessel, of Copenhagen, 


Voyage: Kotka—Gothenburg. 
Cargo: Wood. 
Damage: Damage and loss of deck cargo in the Baltic, 8/11/1921. 

During the afternoon the “Poseidon” shipped much water, and as the water at once froze, 
the vessel got a heavy list. At 9.15 p.m. the forward deck cargo lashing broke and much of the 
deck cargo was washed overboard, damaging the topsides. ‘The “ Poseidon” sought shelter near 
the Uté Lighthouse and the voyage was continued when the deck cargo had been secured. 


9. “Danery,” steamer, of Copenhagen, 1517 tons gross. 


Voyage: Tornei—London. 
Cargo: 780 standards of wood. 
Damage: Loss of deck cargo in North Sea, 12/10/1923. 


On the 10th, when the “Danery” was anchored at Gjedser (Denmark), it was found that 
the deck cargo had shifted somewhat, causing a list of 12 degrees to port. During the continued 
voyage through the Kaiser Wilhelm Canal and the North Sea, the list increased to 22 degrees on 
the 12th October. As the engine crosshead commenced to heat in consequence of the list, and it 
was considered that the boilers would not be safe at a list of over 23 degrees, it was decided in 
ships’ council to throw part of the deck cargo overboard during the night. On the 13th October 
at 4 p.m. 20 standards were thrown overboard, and the vessel was again able to proceed against 
the seas, 


10. “Anna Mersk,” steamer, of Svendborg, 1367 tons gross. 
Voyage: Abo—Rouen. 
Cargo: About 684 standards of timber. 
Damage: Damage and loss of deck cargo in the North Sea, 3-4 December, 1920. 


In the days 8-4 December, during a western gale with heavy seas, the vessel lost part of the 
deck cargo. About three standards of the deck cargo had to be thrown overboard to ease the fore- 
part of the vessel. The vessel shipped several big breakers, which caused some damage to the 
topsides. The rudder tackle broke several times, and the steering connections were damaged. As 
the bunkers were now empty, part of the deck cargo had to be used as fuel. On the 4th December 
the vessel anchored on the Dover Roads. 


11. “ Agnete,” steamer, of Copenhagen, 1127 tons gross. . 
Voyage: St. Petersburg—Dunkirk. 
Cargo: Wood. 
Damage: Loss of deck cargo in the Baltic, 23/10/1912, in a gale. 

About 5 a.m. the “‘Agnete” shipped a heavy breaker, which displaced the deck cargo and 
occasioned a considerable list, necessitating throwing part of the deck cargo overboard. Later on 
in the forenoon the “Agnete” again shipped a big sea, which washed part of the deck cargo 
overboard. 


12. “Carla,” steamer, of Nordby, Denmark, 316 tons gross. 
Voyage: Memel—Hamburg. 
Cargo: Wood. 
Damage: Jettisoning of deck cargo in the Baltic, 9/10/1911. 


On the 8/10, after leaving the port of Memel, the “Carla” got a list, probably because the 
deck cargo, being soaked by the seas shipped, got heavier. As the heavy weather and the seas 
increased, it was decided on the 9th, at 10 a.m., to throw part of the deck cargo overboard. When 
about four standards had been thrown overboard the vessel righted, and the voyage was continued. 


11 


13. “Rimfaxe,” steamer, of Copenhagen, 1052 tons gross. 


Voyage: Tringsund—Liibeck. 
Cargo: Wood. 
Damage: Grounding, loss of deck cargo, near Trangsund, 4/10/1911. 


.... but the “Rimfaxe” struck, and was not able to get off without assistance. In the 
evening the “Rimfaxe” was refloated by three tugs, but got at the same time a considerable list. 
The vessel proceeded, and during the continued heavy weather part of the deck cargo was lost in 
the Baltic. On the 10th, the “ Rimfaxe” arrived at Trayemiinde, where part of the deck cargo 
was discharged into lighters, as the list had increased, 


14, “Olga,” steamer, of Esbjerg, 798 tons gross. 


Voyage: Kotka—Sevilla. 
Damage: Grounding at Gotland, 30/10/1913. 


: . about 7 p.m. the vessel grounded about 14 sea-miles from the Faludden lighthouse ; 
the mate stopped the engine when the vessel struck, and the captain, who now came on the bridge, 
tried to get the vessel off by reversing the engine, but did not succeed until 50 standards of 
timber had been thrown overboard. As the vessel leaked it was decided to seek port, and on the 
1/11 the “Olga” arrived at Copenhagen. 


15, ‘“Nautic,” steamer, of Esbjerg, 941 tons. 


Voyage: Mantyluoto—Penart. 
Lost one of the crew in the North Sea, 22/9/1923. 


When the ship was lying with a heavy list, due to heavy weather, and the crew were occupied 
in throwing deck cargo overboard, steward H. fell overboard and was drowned. The ship had 
afterwards to seek shelter in the port of Rotterdam. 


REMARKS ON CASUALTIES. 
Ships with timber cargo may become topheavy, and get a list during the voyage, caused by :— 
1. The deck cargo being soaked by sea water. 
Norr.—It is stated that sawn wood absorbs much water, fir absorbing more than pine, 
while props are least liable to this trouble. 4g 
2. The deck cargo being covered by ice. 


3. The deck cargo shifting. 


Norr.—Cargoes of props are stated not to be very dangerous, as the props easily go 
overboard. 


4. The lower bunkers being empty, due to slow progress in heavy weather. 


5. Water accumulating in the wells, when the scuppers on the weather deck are closed up by 
ice, reducing the vessel’s freeboard to such an extent that part of the deck cargo must be 
thrown overpoard to lighten the ship. 


The advantage of having a wood deck cargo in case of grounding is evident, as such cargo is easily 
discharged. 

Consideration of the ee of casualties to sailing ships will make it clear that such ships are 
excluded from the advantages of the wood deck cargo freeboard. 
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Laws, Recuiations, &c. 


What then are the laws and regulations governing this big. international trade and permitting the 
captain to load such an unusually large deck cargo, part of which is sometimes washed overboard, and 
sometimes thrown overboard ? 


We first note the Charter party :— 
EXTRACT. 


Chamber of Shipping Baltic Wood Charter, 1926. 
(Baltic and Norway to Great Britain and Ireland.) 
Yor steamships and full-powered motorships. 


Agreed with the Timber Trade Federation 
of the United Kingdom on 17/6/1926. 


It is this Day mutually agreed between . . . Owners of the good Steamship/Motorship 
called the . . of . tons net register, and of carrying capacity of 
St. Petersburg standar ds, or thereabouts, inclusive of deck load (the Ship Owner having a margin 
of 74 per cent., more or less up to 750 standards and, in addition, 5 per cent. upon any further 
quantity beyond the 750 standards), now . . . and expected ready to load about 
and . . . of. . . Charterers:— 


Carao.—l. That the said vessel eee tight, staunch, and strong, and in every way fitted for the voyage, 
shall, with all convenient speed ( . . .  ) sail and proceed to . . . or so near thereunto 
as she may safely get, and there load, always afloat, from . . . , a full and complete cargo of 
Mill Sawn Red and/or White Firwood Deals andjor . . « , With a sufficient quantity of Ends, 
eight feet and under, for broken stowage only 


Deck Loap.—The vessel shall be provided with a Deck load, at full freight as under, at Charterer’s 
risk, not exceeding what she can reasonably stow and carry over and above her Tackle, Apparel, 
Provisions and Furniture. 


Being so loaded the Vessel shall proceed therewith to . . . or so near thereunto as she 
may safely get, and deliver the cargo, always afloat 


BanLast.—). The Master shall be at liberty to bring iron or other deadweight as ballast from the loading 
or any port. 


Ick.—8. (@) If after arrival the Master, for fear of Vessel being frozen in, deems it advisable to sail, he 
shall be at liberty to leave without cargo, in which case the Charter shall be cancelled forth- 
with. 

(e) Clauses 8 (@) to (d) shall not apply in the Spring. 


Exceptions.—12. The Ship Owner shall not be liable for loss or damage arising or resulting from 
unseaworthiness unless caused by want of due diligence on the part of the Ship Owner to make 
the ship seaworthy, and to secure that the ship is properly manned, equipped and supplied, and to 
make the holds and all other parts of the ship in which goods are carried fit and safe for their 
reception, carriage and preservation . . . The Ship Owner shall not be responsible for loss or 
damage arising or resulting from . . ._ perils, dangers and accidents of the sea or other 
navigable waters, 


DiscHARGING.—15. The ship owners liability shall cease at the port of discharge when the cargo is 
discharged at the ships rail if discharged by hand or within reach of the ships’ tackle or shore 
crane tackle if thereby discharged. : 


AVERAGE.—21. General Average, if any, shall be settled according to the York/Antwerp Rules, 1924. 
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The Finnish Government rules for timber cargoes require :— 


“That the wood cargo shall be well stowed and supported and wedged against the deck in 
such a manner that the deck does not give way when the deck cargo is loaded on top. 

‘Timber deck cargoes must be well stowed, supported and lashed, so that in a seaway the cargo 
does not press too heavily against the side stanchions. 


When in seagoing ships the deck cargo is higher than 2 metres the wood side stanchions 
must have at least a thickness of 7,5 cm., and 11 cm. if the deck cargo is higher. The distance 
between the stanchions must not exceed 1,25 metres.” 


The Danish Sea Law of 1892 :— 


Paragraph 26.—The Skipper must see, before the voyage commences, that the vessel is in 
a seaworthy condition. 

He must see that the ship is not overloaded, that the cargo is properly stowed, and that 
for its security the ship is supplied with the necessary ceiling, dunnage, bulkheads, stanchions, 
etc., and that the hatchways can be properly battened down. When deck cargo can be carried, 
the same must be properly secured and stowed in such way that the navigation of the vessel is not 
in any important degree made difficult 


Danish Insurance :—T'o be included in the insurance, the deck cargo must have been advised 
beforehand ; if this has not been done, all cargo is assumed to have been stowed “within the frame of 
the vessel.” 

The insurance policy normally covers the deck cargo against loss through grounding, fire, collision 
and total Joss. For es of deck cargo at sea and jettison of deck cargo an extra premium has to be paid. 

The shipowner cannot insure the freight on deck cargo against loss at sea and jettison. 

General average :—According to Danish law deck cargo jettisoned or deck cargo damaged through 
jettison, is not considered general average, unless the jettison has taken place to lighten the ship after 
grounding. 

According to the revised York—Antwerp Rules (1924), jettison of deck cargo is to be considered 
general average. 


The Merchant Shipping Amendment Act, 1906 :— 


10.—(1) If a ship, British or Foreign, arrives between the last day of October and the 
sixteenth day of April in any year at any port in the United Kingdom from any port out of 
the United Kingdom, carrying any heavy or light wood goods as deck cargo (except under the 
conditions allowed by this section), the master of the ship, and also the owner, if he is privy to 
the offence, shall be liable to a fine. 


This section is well known, also the regulations in connection with the same; the height of the 
winter deck load for light wood goods on erections is limited to three feet; in the wells and on spaces not 
included in the tonnage the height of the winter deck load is limited to the height of the bulwark, or one 
fourth of the vessel’s breadth, or seven feet, whichever height is the least. 


Last, but not least, British ships had to follow the Loadline regulations; as these regulations were 
not compulsory for foreign ships, these ships were, during the summer season, able to take exceptionally 
big deck cargoes to British ports, and could not be prosecuted as unseaworthy on account of their depth 
of loading; during the winter season non-British ships were able to take any size of deck cargo to 
non-British ports. British shipping was in this way handicapped in the timber trade. 
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AFTER 1906. 


The requirements of the Merchant Shipping Act as regards Loadline were, in the year 1906, 
extended to include also foreign ships while they are within any port in the United Kingdom. This 
extension resulted in loadline legislation in several continental countries; in Norway in 1909, and in 
Denmark in 1910. 

The effect, as regards the Baltic timber trade, was that Continental ships bringing timber cargoes, 
with desk load, to British ports could not load as deep as before, since their freeboard could now be 
controlled. 

The main difficulty for the British timber import was still the strict winter deck load regulations, as 
the Baltic export season extends till about the new year, while the winter season, as regards deck load to 
British ports, commences at the end of October. 

An agitation was commenced by Scandinavian ship owners to get these restrictions on the trade 
removed, as the parties interested considered the usual big deck load essential for the economy of 
transport, and because quite the biggest amount of timber exported from Scandinavia went to the 
United Kingdom. 

The Norwegian freeboard regulations of 1909 contained special freeboard rules for steamships with 
timber deck cargoes, permitting ships, which fulfilled certain conditions, when carrying timber in holds 
and on deck to load above the ordinary loadline in conformity with old practice. This new freeboard 
had of course no effect on ships entering British ports, and for ships sailing between Continental ports it 
was not required ; the intention seems to have been to show the way for future international agreement 
when sufficient experience had been gained with the “wood cargo freeboard,” and according to a 
statement by the Norwegian Veritas this experience has been satisfactory ; during eleven years 290 
steamers have received wood cargo freeboard certificates, some of the ships loading up to ten inches 
above the normal freeboard, and not a single one of these ships has been lost. 

In 1915 the Norwegian freeboard regulations for ships with timber deck cargoes were revised, and 
in 1922 they were adopted by Sweden and Denmark ; similar measures were introduced in Holland. It 
is to be noted that the Danish and Swedish freeboards for timber deck cargoes are not compulsory and 
that many shipowners in Denmark do not take advantage of them. 


The German See-Berufs-Genossenschaft (ship inspection) permitted until about the year 1908 ships 
loaded with timber deck cargoes a reduction in freeboard; the reduction was only noted on the certificate ; 
pe Snags was, however, abolished when the German freeboard regulations were brought into line with 
the British. 

German ships with timber deck cargoes are at present only allowed to load to the ordinary loadline. 

All en with timber deck loads, which intend to pass through the Kaiser Wilhelm Cana] and have 
on arrival a list of more than five degrees, must submit to a test as regards stability and steering qualities. 

The See-Berufs-Genossenschaft has, since 1925, introduced the regulation that all new and rebuilt 
German ships must be in possession of stability curves for the most common conditions of luading. 


In their report of 1915, the British Loadline Committee also dealt with the question of a special 
freeboard for ships with timber deck cargo, but they did not consider the regulations of the various 
countries as generally acceptable. 

British shipping continued their interest in the wood deck cargo freeboard, and, in 1921, the 
International Shipping Conference meeting in London adopted a resolution in favour of International 
Freeboard Rules for the Carriage of Deck Cargo of Wood Goods, and appointed a Committee to report 
and make recommendations. 

An International Committee on Deck Cargo was then convened at Christiania (Oslo) in 1922, and 
also met in London in 1923, and formulated “Rules and Regulations for the Carriage of Light and 
Heavy Wood Goods as Deck Cargo.” Lloyd’s Register was represented at these meetings. 

To get away from generalisations, and for the benefit of non-British members, the International 
Freeboard Rules for the Carriage of Light Wood Goods as Deck Cargo are summarised below; the 
experience of the deck cargo question may be said to be crystallised in these rules, which also follow the 
Scandinavian rules closely on most points. 
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PROPOSED INTERNATIONAL FREEBOARD RULES AND REGULATIONS FOR THE CARRIAGE OF 
LicgHt Woop Goops as DEck Carco. 


1. FREEBOARD. 

Steamers that are intended to be employed in the wood cargo trade (wood cargo ships), and which 
fulfil the subjoined special requirements, shall, in addition to the ordinary freeboard mark, be furnished 
with a special wood cargo freeboard assigned for summer trade, and one for winter trade, and further 
one for winter trade in the North Atlantic, which freeboards shall mark the deepest permissible loading 
of these vessels, when they carry wood cargo on deck, in accordance with the regulations given 
below. . . . (Definition of Seasons). 


2. NaTuRE OF CaRGo. 

1. For steamers to be permitted to load to the said wood cargo mark, only light wood cargo must 
be carried on deck and at least on a level with the bulwarks, but not less than 4 feet (1,2 metres). 

2. On wood cargo ships that are loaded deeper than to the ordinary cargo mark, no single part of 
the cargo on deck must in winter exceed 20 cubic feet (0,57 cubic metres) in dimensions. 

3. By the term “light wood ” shall be understood pine, fir, spruce or other similar light sorts of 
wood or wood goods. 

3. CONSTRUCTION OF VESSEL. 

1. In order to be permitted a special wood cargo freeboard, a vessel must be built with scantlings 
adequate to obtain the minimum ordinary freeboard according to Table “A,” with corrections for 
erections, etc. It must possess the highest class in a recognised classification society with regard to the 
trade for which the ship is intended. 

2. The ship must be provided with a forecastle, the length of which shall be at least 0,07 times 
the length of the ship, and the height at least 4 feet (1,2 metres). The forecastle need not be closed 
at the after end. 

The ship must also have a midship erection, poop or raised quarter deck of statutory height, covering 
the engine and boiler openings. 

3. The ship must further be provided with either permanent bulwarks at least 3 feet 3} inches 
(1 metre) in height, and of adequate strength, well shored and provided with the necessary freeing ports, 
or with railings of the same height as the above of special strength and of approved construction. 

4. The steering gear must be so placed and protected that it is not hindered in its movements. On 
ships above 250 feet registered length without a raised quarter deck or poop, the hand stcering gear aft 
must be protected by a steel hood or deck house of sufficient dimensions to provide proper access. 

5. The ventilators shall be placed inside a line running flush with the outer side of the hatchway 
coamings or arranged in an equally satisfactory manner. 

6. The coal hatches or other openings in the deck under the erections, the ends of which have no 
permanent means of closing, shall be provided with coamings and arrangements for battening. 


4. Tue Heientr or THE DECK Carco. 
The deck cargo must never be so high as to obstruct the outlook from the bridge. 


5. NAVIGATION AND Lire SavinG APPLIANCES. 
1. The deck cargo must generally be so placed as in no way to hinder the safe manwuvring or 
navigation of the ship. 
2. The deck cargo must not be stowed in such a manner as to hamper the use of, or access to, the 
ship’s pumps, lifeboats, or other life saving appliances. 


6. Security oF Deck CarGo. 
1. The deck cargo is to be supported by stanchions spaced not more than 3 metres apart. 
2. The stanchions are to be housed in deck sockets. 
3. These stanchions and sockets are to be of adequate strength, having regard to the amount of deck 
cargo carried. 


ee 


16 


4. Eyebolts are to be provided, spaced not more than 3 metres apart. The eyebolts are to be 
attached to the main structure and preferably to the sheerstrake. They may, however, be secured to the 
bulwark stanchions if these are of special strength. 

5. That portion of the deck cargo which does not extend above the height of the erections is to be 
efficiently lashed, and is to be secured independently from any deck cargo carried above that height. The 
lashings for deck cargo carried above the height of the erections must be provided with sliphooks or other 
similar releasing arrangements. 


7. Srowace or Cargo. 

1. The master of the ship is responsible (Norwegian and Danish—det paahviler, Swedish-dligger), 
that the stowage of the cargo and the amount of ballast carried is such as to ensure sufficient stability 
having due regard to the weight and height of deck cargo carried. 4 

2. The master of the ship is required to note daily in the ship’s log the height of deck cargo, the 
amount of ballast carried, and the list, it any. 

3. On leaving port, after a deck cargo of wood go ds has been loaded, the ship must not have a list. 

4. The master of the ship is responsible that the deck cargo is so stowed and supported that the deck 
is not unduly strained. 


10. THe DereRMINATION OF THE Woop CarGo FREEBOARDS. 


The wood cargo freeboard for summer, winter, winter in the North Atlantic, and for fresh water 
respectively, is to be determined by the following formula :— 


Risa Kal; =r) 


Where R is the reduction in freeboard, d is the reduction in freeboard for a complete super- 
structure, p has a constant value of *50. 


r is the ratio of the sum of the effective lengths of the superstructures to the length of 
the vessel. 


The maximum reduction in the freeboard is in no case to exceed 9 inches. 
The ordinary freeboard regulations concerning openings in the sides of ships are to apply, having due 
regard to the deeper immersion permitted by these regulations, &e. 


REMARKS ON THE PROPOSED RULES. 


The regulations of the Merchant Shipping Act as regards loading of timber—the origin of the wood 
deck cargo question—have naturally put their stamp upon all following proposals. It is in these regula- 
tions that we, for the first time, meet the discrimination between “light” and “‘heavy” wood. 


1. FREEBOARD.—The definition of the types of vessels, which may get the wood cargo freeboard 
assigned is found in section 3 :—-‘tin order to be permitted a special wood cargo freeboard, a vessel must be 
built with scantlings adequate to obtain the minimum ordinary freeboard according to Table A, etc.” 


This means that such vessels are “cargo carrying steam vessels not having spar decks or awning 
decks,” and taking the requirements as regards erections into account these vessels are single deck vessels 
with poop, bridge and forecastle or raised quarterdeck vessels. 


2. Nature or Carco.—This section is fundamental, whereas the Merchant Shipping Act defines 
a maximum permissible deck cargo, a compulsory minimum height of deck cargo is here defined; this 
minimum amount properly secured is to be considered part of the vessel’s reserve buoyancy, and a 
reduction in the vessel's freeboard is assessed in proportion to this additional reserve buoyancy. 

Is it to be understood that the cargo in the holds may be any sort of cargo? Or is the whole of the 
cargo to be timber ? The definition “ wood cargo ships” appears to favour the latter assumption. 

The Scandinavian Rules stipulate as a condition for the application of the wood cargo freeboard 
that one half of the cargo in the holds is to be “light wood” or pulp. 
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8. ConstRucTION OF Vessnt.—The increased strength of bulwark stanchions required seems from 
one point of view to decrease the safety of the vessel; should the bulwarks in the wells for instance 
be set in by a collision, a stiff bulwark stanchion will set the deck down locally, eventually causing 
leakage ; the best bulwark stanchion from this point of view is the well tried plain bulb plate having 
ample strength in tension and collapsing in compression, leaving the deck intact. When the deck cargo 
shifts and presses against the bulwark, any stanchion will be liable to be torn away from the deck, causing 
leakage, unless the rivet connection to the deck is stronger than the rivet connection to the stanchion. 


7. Srowace or Carco.—In the rules we find no conditions laid down as regards the stability 
qualities of the vessel itself, except so far that spar- and awning deck vessels are excluded, and in the 
security provided in Section 10 of the Freeboard Rules as regards B/D. 


The Norwegian Rules have the following requirements :— 


“The stability conditions of the ship shall be satisfactory. On leaving port the ship must 
not have any list.” 


The Danish Rules are different :— 


“The ship is to have ample stability of form. ‘The stability of the ship must be satisfactory 
and, in judging thereof, the master must pay due attention to the alterations in the stability which 
the coming voyage may involve.” 


The original Norwegian Wood Cargo Freeboard Rules of 1909 had the following rules as regards 
stability :— 


“If a vessel, loaded to a summer freeboard according to these rules, with a homogeneous 
wood cargo of 2} tons per St. Petersburg standard, in hold and on deck, and having the water 
ballast tanks in the double bettom full, is not in possession of at least six inches metaceutric 
height, then the wood cargo freeboard of the vessel must be increased enough to ensure that the 
metacentric height reaches the above-named figure. 


A St. Petersburg standard is assumed to occupy 215 cubic feet in hold and 200 cubic feet 
61 deo? 2 as? 


As regards water ballast, the same rules said :— 


“When assessing the wood cargo freeboard, it must be determined, for wood cargo of various 
weight, how much water ballast is necessary for the vessel to get a suitable stability when the 
vessel is loaded down to the summer wood cargo freeboard, having in each case on board a 
homogeneous cargo. 


The calculated volumes of water ballast are to be noted on the ship’s freeboard certificate. 


When the ship is loaded it must have on board at least the quantity of water ballast as 
noted on the certificate, corresponding to the weight of the cargo... . .” 


(See also Sir Westcott Abell’s remarks in the Discussion on Mr, B. J. [ves’s paper on “Classification 
and Seaworthiness,” L.R.S.A., 1924-25.) 


For a modern type of “wood cargo ship” there is, in reality, little danger from lack of stability. In 
these ships it is the secondary casualties following a list which have to be taken into account. The 
casualties are; damaged topsides, water entering the hold due to damaged topsides, risk of life, unsafe 
navigation, prolongation of the voyage. The increased safety provided by the easy means of jettisoning 
the deck cargo must be kept in mind in discussing the stability. 


It should always be remembered that one of the purposes of such regulations, although not 


a very spectacular one, is to enable the ship to bring the cargo in good condition to the port of 
destination. 
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10. THe DererMrNation OF THE Woop CarGo FreEBOARD.—Norwegian Rules of 1915, 
par. 78 :— y } ; 
“The wood cargo freeboard for summer, winter, winter in the North Atlantic, and for fresh 
water respectively, shall be determined by deducting from the ordinary freeboard of the vessel an 
amount that is given by the following formula :— 


F = (A — C)p x (e/L + 0°6) 
where A is the ordinary summer freeboard, G the corresponding summer freeboard that the vessel 
would receive according to Table C if it were entirely covered (awning deck ship), and p is a 
coefficient, depending upon the ship’s moulded depth, and is given in the following table :— 


Moulded Depth. p. 
4°0 m.and below... «. «.. 0°50 
5°5 A oe a meiem si bedi anel eee 
70 2 prt tern betee UD 
8°5 mand above « s..00 ..20 3510905 


Intermediate values are found by interpolation. 

e is the effective length of the erections, and L is the length of the vessel at the deep 
load-line. 

The estimated wood cargo freeboard may require to be increased on account of openings in 
the outer plating in accordance with the rules for the ordinary freeboard.” 


PROPOSED INTERNATIONAL FREEBOARD RULES AND REGULATIONS FOR THE CARRIAGE OF 
Heavy Woop Goops as Deck Carco. 


The International Committee also formulated Rules for the Carriage of Heavy Wood as Deck Cargo; 
the Rules are very similar to the Rules for the Carriage of Light Wood, the main difference being :— 


1. FreEBOARD.—* There is not to be any special heavy wood cargo freeboard for the winter 
North Atlantic trade, neither does the special winter mark apply to winter North Atlantic trade.” 

2. Nature or Carco.—*The cargo on deck must consist of square timber and/or lumber 
of such dimensions as can reasonably be stowed into a solid deck load.” 

4, Toe Heieur or trax Deck Carco.—In the winter months the height of the deck 
cargo shall not be more than two feet above the top of the bulwark at side, or more than eight 
feet above the line of the freeboard deck at the middle line.” 

6. Securtry or Deck Carao.—* All deck cargoes must be efficiently lashed, and all deck 
cargoes which extend above the height of the erections are to be efficiently secured by additional 
lashings and eyebolts suitably placed.” 

10. Tor DereRMINATION Or THE Woop CarGo FREEBOARDS.—The formula proposed is 
the same as applied for the determination of the freeboard for light wood cargo, the only difference 
being that the constant p is *35 instead of *50. 


PULP AND CELLULOSE: Heavy Woop Goons. 

According to Finnish Government regulations (temporarily out of force) pulp and cellulose are 
included under “heavy wood goods,” and during the summer season pulp and cellulose must only be 
carried on deck in such quantity as corresponds to one half the weight of the permissible deckload of 
timber. 

The Norwegian ** Sj6fartskontoret ”’ has issued in 1918 the following instruction :— 


(Letract.) 

When carrying wood cargo on deck, especially dry pulp or dry wood, the captain must take 
into consideration that the cargo in bad weather, when the vessel ships water, will absorb a 
considerable quantity of water and consequently reduce the freeboard and the stability of the 
vessel. It has been calculated that a bale of dry chemical pulp weighing about 125 kg. will 
absorb up to 100-150 per cent. of its own weight. 

The captain must take this into consideration, and see to that a too big quantity of dry wood 
cargo is not carried on the deck. 
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TIMBER CARRIERS. 


Particulars are stated below of two series of timber carriers built by the Frederikstad Mek. Verksted, 


Norway, and one built. by Howaldswerke, Kiel. 


4550 Tons D.W. Carco SreEamEr. 


Ft. ins. 
Length between P.P. 300) 0 
Breadth, moulded 47 0 
Depth, moulded 25 0 
Draft, summer freeboard 19 9 
Reduction for wood cargo fr eeboard nee ne oa 6 
Capacity of holds. br idge space and for ecastle 215,000 cubic bales 
Timber—Pulpwood . fs oe 1300 fathoms 


Deals 
Bunkers—Permanent: 

Spare in bridge . 
Water ballast in D.B. 


Speed 10} Knots, ‘consumption 194 tons 


” ” ” 13} ” 


3080 Tons D.W. Carco Steamer (Fig. 9). 


Length between P.P. 

Breadth, moulded 

Depth, moulded 

Draft, summer freeboard 

Summer freeboard 

Reduction for wood deck cargo freeboard 


1600 standards 
. 3800 tons 
er oG0 lies 
OUST aes 


Ft. ins, 
265 
42 
20 
17 
2? 


4 


4 


Perl ae eh 


Capacity of holds, bridge space and forecastle —... 148, 000 cubic bales 


Timber—Pulpwood “in 
Deals 
Bunkers—Permanent ‘ 
Spare in bridge ... 
Water ballast in D.B. 
Speed 10} knots, ‘consumption 144 tons 
” ” ” 105 ” 


2000 Tons D.W. Carco Srramur (Fig. 11). 


Length between P.P. 
Breadth, moulded 


920 fathoms 
1100 standards 


200 tons 
Se ae 
- 006 ,, 

Ft. ins 

237 «0 

37.0 


Depth, moulded ; 16 0 
Height of quarter deck 4 0 
Height of bridge oy: tee ae ce 7 0 
Draft .. see ‘ae en ae Lbft. Sins. ‘ab 2000 tons D.W. 
Capacity of holds... a0 o ee: .-- 98,000 cubic feet bales 
Timber—Pulpwood .. oi ae rc 515-570 fathoms 
Deals 675 standards 
Bunkers—Permanent . 121 tons 
Spare 35 ee key 
Water ballast in D. BL. meee Lees 
Hee: P ry ae 


- 650 _,, 
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The following are some of the characteristics of the Baltic timber trade in relation to the deck 
cargo freeboard :— 


The Baltic timber trade is mainly a trade of light wood. 

The trade is of great importance for the British industries. 

The carriage of big deck loads is an economic necessity due to the proportionately small 
value of the cargo. 

The deep loading of vessels carrying light wood deck cargoes is an old practice. 

Many steamers employed in the trade are designed with this trade in view; they fulfil the 
requirements of the proposed international rules. 


The development of the timber deck cargo question may be stated as follows :— 


The original British freeboard legislation was a social measure ; the freeboard was assessed on 
geometrical, strength and seaworthiness considerations and corrected on physical and geographical 
considerations. 

The revision of the British freeboard rules in 1906 was a commercial reaction; the revision 
was based on geometrical considerations. 

The extension of the compulsory freeboard to all ships trading on British ports brought the 
ships of all nations into line as regards depth of loading. 

The Scandinavian timber deck cargo freeboard regulations was a commercial reaction against 
the applicaton of the British freeboard to Continental ships, a freeboard which had made the 
transport of light wood to Great Britain uneconomical for all nations alike. The type of cargo 
carried is a new factor used in the determination of the freeboard. 

The International Rules are “drafted to provide for adoption of measures” to get maximum 
efficiency out of the carrying capacity of ships of all nations employed in the light and heavy 
timber trade. 


From the piers of Elsinore is seen, during the summer and autumn, steamer after steamer with 
towering timber loads, passing the withered walls and spires of Cronborg Castle, where in the bygone days 
the little tarred sailing ship, loaded with daily food and materials for the craftsman, struck its sail and let 
the anchor go to pay the toll. Now the light pine and fir of the icebound North is carried to distant 
countries to be used in coal mines, to be made into cheap houses, packing cases, boxes and newspapers ; 
it is the dense populations of our times, the quick-living people, who absorb volume of this easily worked, 
cheap, and short-lived stuff. 


I have to express my thanks to colleagues at Amsterdam, Goteborg, Hamburg, Helsingfors and Oslo 
for the information they kindly have placed at my disposal. 


Vhtehs 1, Hic. 2a. 


Finnisi BARQUE—1926, Danis Turee-Masrep ScHoonsr—1926. 


Fia. 2b. 
Danisit WoobDEN SAmING SHIPS AT THurO—WIntTeER, 1916. 


Bigss3. 


DANISH GALEASE—1926. 


Fig. 4. 
Two DANISH GALEASER—1926. 


ENTERING 


Fig. 5. 


FREDERIKSHAVN- 
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Iria. 6. 
Deck Carco BRING ResrowED AT FREDERIKSHAVN—ABOUT 1925, 


Rig. 7. 


s.s. “GEVALIA.” 
ENTERED FREDERIKSHAVN TO HAVE Heavy Wratruer Damace RepaArRED—1923. 


Fia. 8. 


s.s. “GEVALIA.” 


Fira.- 9. 


2000 Tox DEADWEIGHT TIMBER 


CARRIER. 


DISCUSSION ON Mr. Jac. v. ROSEN’S PAPER 


ON 


“THE CARRIAGE OF TIMBER IN THE BALTIC.” 


Mr. 8. T. Brypen. 


By way of amplification of Mr. von Rosen’s interesting paper, a brief history of the British 
regulations relating to the carriage of deck cargoes may not be out of place. 

Following the loss of a number of vessels in the North Atlantic timber trade, the recommendations 
of two committees were embodied in an Act passed in 1839. This did not permit of any part of the cargo 
of a timber-laden vessel, leaving a British port in North America between 1st September and 1st May, 
being carried on deck. The Act continued in force until 1862, when it was repealed by the Merchant 
Shipping (Amendment) Act, and vessels were again allowed to load unrestrictedly. 

During the winter of 1872 heavy losses of timber-laden ships occurred, and in the following year 
the Canadian Government passed an Act which prohibited the carriage on deck of any heavy wood goods 
between Ist October and 16th March, but allowed the carriage of deals to a height not exceeding three 
feet above the deck. : 

In 1876 the provisions of the Canadian Act were applied by a British Merchant Shipping Act to all 
vessels arriving in the United Kingdom. 

This Act was amended by a further Merchant Shipping Act in 1906, which still applies to all vessels 
arriving in British ports between 31st October and 16th April with timber cargoes destined for the 
United Kingdom. The actual conditions under which light wood deck cargoes may be carried in winter 
under this Act are specified in Mr. von Rosen’s paper, on page 13. Heavy wood cargoes may only be 
carried in covered-in spaces. 

There are no British restrictions on the carriage of deck cargoes during the summer months 
provided the normal loadline is not exceeded. 

With regard to the heavy losses of vessels carrying deck cargoes in the seventies, it may be 
interesting to note that the ratio of breadth to depth in the case of vessels at that time rarely exceeded 
1:7. This compares very unfavourably with the ratio of 2°1 for the typical timber carriers described in 
the paper. 

" hereas the Merchant Shipping Acts would appear to regard deck cargoes as a necessary but 
regrettable evil, and therefore limit the height of such cargoes, the Baltic countries adopt an entirely 
different view. They are of opinion that a well secured and compact deck cargo, filling the wells between 
the erections of a three-island vessel, converts the latter into a complete superstructure vessel. For this 
reason they maintain, that so long as the vessel’s stability is not thereby impaired, the higher the deck 
cargo is erected the better, and that it should be at least as high as the standard superstructure height. 
They then feel justified in reducing the freeboard to approximately that of a complete superstructure 
vessel. 

The extra draught thus obtained enables the vessel to carry considerable water ballast in addition to 
a cargo which would enable her (without ballast) to load almost to her normal loadline, and thus renders 
her a stable vessel in spite of the heavy load on deck. The terrifying list noticed on many a timber- 
carrier entering a British port is not usually due to the cargo having shifted, but rather to the water 
ballast having been pumped out just before entering port, so that the otherwise overladen ship (from the 
point of view of the M.S.A.) may enter at her normal loadline. 

Whether the Merchant Shipping Act is sounder than the regulations of Norway, Sweden, Denmark 
and Holland is a matter of opinion, and probably the ideal lies somewhere between the two points of 
view. That a deck cargo is not quite so substantial as a superstructure, however, is evident from an 
analysis of the recently reported deck-cargo casualties. 

During the last four months appromimately fifty casualties have been reported. Of these, 27 lost 
part of their deck load during heavy weather ; 17 acquired a serious list ; in 16 cases cargo had to be 


jettisoned, or the vessel had to put into port to discharge part of her cargo in order to proceed with 
safety. In three cases the cargo is specially reported to have shifted. ‘Two wooden vessels sprang leaks. 
There were no cases of total loss, but in two cases human life was lost. The lists described vary from 
12 degrees to 25 degrees. All the steamers were of fair proportions, the average ratio of breadth to 
depth being 2°01. 

The total import of timber to this country is about 10} million tons annually, and it is a serious 
fact that the number of British ships employed in this important trade is practically negligible. 
Although as much as 50 per cent. of the timber leaving the Baltic is destined for British ports, only five 
per cent. of it is carried in British ships. 

Canada has the third largest forest resources in the world (950,000 square miles of forest land), but 
it is remarkable that but a small proportion of its timber is exported to the United Kingdom. In 1924, 
out of £51,000,000 worth of timber imported into this country only about £2,600,000 worth came from 
Canada, whereas that Dominion exported nearly £21,000,000 worth of timber to the United States. 

Owing partly to the closing of the Baltic ports by ice, and partly to the severity of the British 
regulations, the import of timber into this country in winter is very much restricted. The maximum 
iho 4 per cent. of the whole) arrives in July, and the minimum (about 3} per cent. of the whole) 
in March. 

The proposed International Rules rightly insist on the protection of the steering gear and 
ventilators, and on the provision of a forecastle, but the minimum height of the latter (four feet) seems 
scarcely adequate to afford protection to the exposed forward end of a high deck cargo. 

The timber carrier shown in Fig. 9 of the paper is an ideal one, with her masts and derricks, 
winches and ventilators on top of the erections well clear of the timber in the wells, both from the point 
of view of protection and of facility in the handling of the cargo. 


Mr. 8. TowNSHEND. 


The carriage of timber in the Baltic is a special subject, and in the manner in which it has been 
presented by the author it does not readily provide much scope for discussion and criticism. The 


little information regarding the technical considerations involved when wood deck cargoes are carried. 
The regulations provide general rules which have been found by experience to be advisable or necessary in 
general cases. ‘Ihe important question of stability and security is left for final decision with the master, 
due regard being paid to the density of the cargo and the height of the deck load. 

Ships engaged in carrying timber may not always be required for that purpose, and ships employed in 
the Baltic timber trade must, as the author points out, find other cargoes when the Baltic is closed to 
navigation. Hence it is not, in general, economical to design a ship specially for a timber trade only. 

"At the time the proposed international regulations were being formed it was thought desirable to 
obtain some general conclusions as regards the suitability of the common type of three island full 
scantling cargo ship for the carriage of wood deck cargoes. In particular it was desired to know, when 


2. Could carry a deck load without having recourse to water ballast in order to maintain 
the stability. 


3. Could carry a greater deck load than in 2 provided the water ballast spaces were filled 
and, if so, what the approximate maximum height of the deck cargo would be. 


Before giving the results of the investigations which were made I should like very briefly to indicate 
the general influence of the carrying of wood deck loads on stability. Let us consider the case of a ship 
of such dimensions and deadweight capacity that, when completely loaded with homogeneous cargo, all 
cargo spaces being full, a minimum satisfactory metacentric height could be maintained at any time 
during the voyage. Now if the density of the cargo be increased the ship would be loaded to the dise 
before all the cargo spaces could be filled and the master could, if desired, vary the stowage of his cargo so 
as to give improvement in stability and trim. But if the density of the cargo be reduced the ship could 
have all the cargo spaces completely filled and not be down to the centre of the disc. In order to provide 
a full load it would be necessary to carry cargo on deck; but this would reduce the metacentric height 
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and therefore some water ballast would have to be added in order to maintain the stability. Further, the 
more the density of the cargo is reduced, the greater will be the deck load and the quantity of water 
ballast until a maximum height of deck load will be reached when all double bottom water ballast. spaces 
are full. In this condition the ship will be carrying the lightest possible cargo that it can take when 
loaded to the centre of the disc. 

The investigations referred to were made with standard models of three island steamers having about 
50 per cent. of the length covered by erections. No actual figures have been given in the regulations for 
the weights of light and heavy woods but, for convenience in describing the results, woods heavier than 
40 lbs. per cubit foot were taken as “heavy” woods. This does not conflict with the figures given by the 
author on page 7, where the heaviest item, namely—fresh pine-props, bark half removed, equals 88 lbs. 
per cubic foot. 

It was found that the ships could mot be loaded to the ordinary summer draft with light wood 
cargoes without a deck load. he average density of the cargo (necessary to load down to the ordinary 
summer draught) allowing 10 per cent. broken stowage, was 50 Ibs. per cubic foot. The stability, in all 
cases, was satisfactory. This condition is illustrated in Diagram 1, Fig. A 

If a wood cargo heavier than 50 Ibs. per cubic foot was carried the cargo spaces could not be 
completely filled. 

If a heavy wood cargo lighter than 50 lbs. per cubic foot was to he carried it was found necessary to 
stow some of the cargo on deck in order to load the ships to the summer draught. A deck load up to a 
height of eight feet could be carried in the wells without it being necessary to add any water ballast. In 
this condition the density of the cargo dropped to 40 lbs. per cubic foot, which represents the heaviest 
“light” woods. (See Diagram 2, Fig. A.) 

When wood cargoes lighter than 40 lbs. per cubic foot were to be carried the height of the deck 
cargo in the wells was increased and water ballast added to maintain the stability. With all double 
bottom water ballast spaces full the deck load reached a height of about 16 feet. The density of the 
cargo was about 29 Ibs. per cubic foot. This is slightly heavier than the lightest woods given by the 
author on page 7. (See Diagram 3, Fig A.) 

The stability when ship was inclined to different angles of keel was also investigated and compari- 
sons made between the vessels indicated in Diagrams 1 and 2. 

As regards righting arms, it was found that ship in Diagram 1 was better than in Diagram 2 up to 
an angle of 80 degrees, beyond which 2 rapidly became much better than 1, due to the effect of the 
immersion of the deck cargo. Similarly, as regards the dynamical stability 1 was better than 2 up to an 
angle of 40 degrees, beyond which 2 soon became considerably better than 1. Jettisoning the top portion 
of the deck load of ship in Diagram 2 made it much better than 1. 

It was found that, in general, the carrying of a deck load reduced the stability very much up to an 
angle at which, in practice, it would probably be found that the ship would free herself automatically of 
the top portion of the deck cargo and so put herself into a better condition than if loaded with 
homogeneous cargo. 

A deck cargo of wood properly stowed in the wells up to the height of the bulwarks may be regarded 
as adding to the reserve buoyancy of the ship. It is reasonable to expect that some deeper loading might 
therefore be allowed. The deeper loading permitted by the proposed International Regulations corres- 
ponds to the geometrical reduction in freeboard as if the wood deck cargo up to the level of the bulwarks 
were an intact superstructure. As, of course, this is by no means the case, and as also the wood cargo is 
not impermeable to water, it would appear that the allowance is on the generous side. The provision to 
be made so that, in case of emergency, the deck cargo above the level of the top of the bulwarks can be 
jettisoned appears to indicate that no credit can be taken for the extra reserve buoyancy of this additional 
deck cargo. 

At the conclusion of the investigations it was considered that no fundamental technical objections 
could be raised to the application of the proposed International Regulations to the modern type of cargo 
ship usually employed in the carriage of wood deck loads. 

It was also found that, to enable a ship to load a full cargo of light wood, without having to carry 
water ballast in order to maintain the stability, the ratio of beam to moulded depth should not be less 
than two to one in the larger types of ships. In the smaller types this ratio had to be increased. It will 
be noticed that the foregoing ratio corresponds very closely to the ratios obtaining in the table of ships 
given by the author on page 6, 
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The list of casualties given by the author looks formidable, but it covers a number of years, and I 
think it confirms the author’s opinion, and our own investigations, that, “‘ For a modern type of wood 
cargo ship there is, in reality, little danger from lack of stability.” 

It is, however, surprising to note that the case of the ‘“‘ Brrmesvonp” appears to indicate that some 
masters still do not appreciate that a ship can have a list due to insufficient stability, which cannot be 
regained by shifting the cargo. I also doubt the wisdom of regulations which require one double bottom 
water ballast tank to be left empty for eventual filling at sea. (See page 8, 2nd paragraph.) 


Mr. D. GEMMELL. . 
Mr. von Rosen’s paper has been of particular interest to me as I have experienced similar conditions 
at sea in a timber carrier to those which he has quoted under the heading of casualties. 


I referred to the case during the discussion on Mr. Ives paper, “Classification and Seaworthiness,” 
but it may be of interest to record it in connection with Mr. Rosen’s paper, which has a direct bearing on 
the timber carrying trade. 

The vessel was a steamer of 3,640 tons gross and the voyage was from St. John, New Brunswick, to 
the Clyde. (Fig. C.) 

A full cargo of deals was loaded at St. John, the timber on the forward and aft decks being flush 
with the bridge deck. In addition to this about 90 tons was loosely stowed on the bridge deck itself. 

Deals were placed along the inside of the bulwarks to secure the timber from being rolled overboard 
in a seaway, and steel wires were stretched across the cargo diagonally and drawn tight by the winches 
which were buried in about seven feet of timber. 

When leaving St. John the vessel had a list to starboard of about 10 degrees, which continued until 
about 200 miles from the coast of Ireland, when a heavy gale was encountered, the wind blowing on the 
port quarter causing the vessel to roll heavily to starboard and shifting the cargo bodily hard over that 
side. Water accumulated in the bilges and could not be overcome, eventually reaching and entering the 
furnaces of the starboard double ended boiler, and submerging the engine room floor plates to a depth of 
about three feet. The vessel was then heeled over to an angle of 35 degrees to starboard. 

The bilge injection, being on the port side of the vessel, could not be made use of and only one 25 
inch bore bilge suction served the starboard bilge which was common to engine and boiler rooms. 

; Ress neg on the bridge deck were jettisoned but this had little or no material effect on the stability 
of the vessel. 

__ The cargo on the forward and aft decks could not be released owing to the side uprights and steel 
wires. 

After several hours labouring under these conditions it was discovered that owing to the heavy list, 
the water which was well over the starboard side of the deck was pouring into a small bunker hatch 
situated in a dark corner of the bridge deck space. The hatch was then battened down and the water got 
under control but the vessel retained a list of somewhere in the region of 25 degrees until docked at Glasgow. 


Mr. 8. F. Dorey. 


Mr. von Rosen has written a very interesting paper on a subject which certainly engages the particular 
ee | of the naval architect, and it is only with a feeling of diffidence that the following remarks are 
offered. 

The sight of a timber laden vessel with a list seems such a familiar sight that one is apt to take it 
for granted, and not realise the various factors which must necessarily be considered, not only when 
loading the vessel, but owing to circumstances which may occur during a voyage. It is apparent that 
much thought and consideration has been given to these matters by various authorities. 

At the same time, however, it would be of particular interest to know whether there is strict 
observance of the regulations at the port of loading, irrespective of the port of discharge. 

Judging by the draught of vessels arriving at different ports and taking into account the fact that 
bunkers and stores have been consumed during the voyage, one might reasonably ask whether there is 
more strict observance of regulations for the case of a vessel going to a country with controlling 
regulations, such as England or Holland, than in the case where no such regulations are in existence, 
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Mr. von Rosen’s figures relating to the increase in weight of certain cargoes, due to absorption of 
moisture, are of special value. Further information regarding the absorption properties of different 
classes of timber would be much appreciated. 


Mr. W. Wart. 


Mr. Jac. von Rosen has contributed an exceedingly valuable paper on the Baltic Timber Trade 
and one which must be of inestimable advantage, particularly to those of us who have to assist in 
framing, developing, and administering the regulations pertaining to the construction and loading of 
ships. He has given much information regarding the almost unlimited resources of the vast Baltic 
forests, although he is careful to point out that, vast as they are, they must come to an end some day, 
unless wise schemes of reafforestation are undertaken by the nations concerned. We, in this country, 
have been slow to learn the lesson, and even now the schemes which have been adopted are totally 
inadequate to make up for the annual cutting down of matured timber. It has been said that to main- 
tain our position six saplings should be planted for every tree felled, as only one in six is permitted to 
reach maturity. British oak is almost a tradition. 


When we note, as the author points out, that Great Britain receives 60 per cent. of Norwegian sawn 
and planed timber, 70 per cent. of the mechanical pulp, 37 per cent. of the chemical pulp, and 32 per 
cent. of the paper export, it will be realised how vastly important the timber carrying trade is to our 
consumers. 


The technical data alone makes the paper one of the most valuable contributions to our transactions. 


I am more directly concerned, however, in that part of the paper dealing with the carriage of timber 
cargoes. 

As most of you are aware, the British Board of Trade Regulations place severe restrictions on the 
carriage of deck cargoes, and these restrictions apply to all vessels of whatever nationality trading to our 
ports. I think it is generally recognised that these restrictions are illogical, and there is every reason to 
believe that they will be modified at an early date. When it is realised, as I hope to point out later, that 
a vessel carrying only Baltic timber in her holds can never load anywhere near to her legal loadline, it 
will be apparent what a severe handicap is placed upon our shipping, especially if it can be shown that 
the additional amount of deck cargo can be carried without any increase in normal sea risks. 

As a member of the International Committee responsible for the proposed International Freeboard 
Rules and Regulations for the Carriage of Wood Deck Uargoes, referred to in pages 15 to 18 of the 
paper, I propose to deal primarily with the rules contained therein and with the author’s criticisms 
thereon. And first of all 1 would remark that these regulations specifically deal with wood deck cargo 
and the term is reiterated throughout the various sections, no direct reference being made to the nature 
of the cargo to be carried in the holds. It is of course well known that vessels engaged in this trade 
usually carry entire cargoes of timber, but that is no reason why other cargoes may not be carried. 

In an article contributed by a Norwegian correspondent in the Journal of Commerce of 12th June, 
1923, it was stated that “this factor (the nature of the cargo) has a great influence on the safety of the 
ship. Some cargoes of a light and buoyant nature will reduce the chances of the ship sinking in case of 
a hold or two being flooded from some cause or other. ...... . It would in fact be right to always 
regulate the freeboard in accordance with the nature of the cargo carried.” 

Freeboard regulations have always been framed on the assumption that we are dealing with an intact 
structure, and the foregoing argument would hardly justify the deeper loading proposed, unless 
accompanied by some more logical reasoning. 

It is argued, and I think rightly, that as bouyancy is an important factor in the determination of a 
suitable freeboard, a mass of well-stowed timber in the wells must contribute almost as much buoyancy 
as an intact superstructure. 

In the case of light woods it is assumed that the wood in the wells is equivalent to a substantially 
enclosed superstructure having a length equal to half the length of the wells, and the allowance is 
computed accordingly. 

In the case of heavy wood goods, only 70 per cent of this allowance is proposed. 
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It might here be pointed out that the proposals emanated from a committee representing the 
interests of shipowners alone and meet their wants in the present condition of things, but it does nob 
necessarily follow that they represent the views of others, either as to the nature or extent of the 
allowances which might reasonably be made. 

Under the regulations in force in Norway, as stated by the author, the wood deck cargo freeboard 
allowance is determined by the formula :— 


F =(A—C) p ( r+ °6) 


where A is the ordinary summer freeboard, 
C is the corresponding freeboard under Table © of the regulations for an awning 


deck ship, - 


1 is the effective length of erections, 


L is the length of the ship, 
pis a factor varying with the moulded depth in accordance with the following 


scale :— 
Movunpep Dupri. Factor p. 
4m. and below os) 
5°5 m. “44 
70m. *25 
85 m. and above 05 


It should here be noted that the Norwegian freeboard regulations for vessels of the dimensions 
usually employed in the timber trade, permit from two to three inches deeper loading than those of any 
other nation, and in consequence this amount must be added to the allowance obtained from the above 
formula when comparing the figures with those of other nations. 

The Danish and Swedish freeboard regulations are the same as the British, but in order to give the 
same deck cargo freeboard as the Norwegian, the same formula is used but the “p” values are increased 


as follows :—- 


Mounpep DeprH. Factor p. 
4mand below --- se os ve _ . = 68 
5°5m we Ber F%, vee os ee mat “bl 
7m are oy 3 ee & Ms He "26 
8°5m and above ..- $72 “re Bis A 26 05 


The Dutch freeboard regulations are the same as the British. The deck cargo freeboard allowance 

in summer is equal to: — 
“Hlalf the difference between the freeboard computed in accordance with the freeboard 
regulations for the type and extent of the erections actually fitted, and the freeboard which could 
be assigned under the respective type paragraphs (i.e. pars. 11, 12, 13 and 14 of the freeboard 


regulations) if the erections be assumed to cover the entire length of the vessel.” 
The allowance is limited to nine inches. 
In winter, vessels are allowed to load to the ordinary summer freeboard. 


The International Committee ‘accepted the Dutch formula in preference to the Scandinavian 
formule as a basis, but modified the formula to accord with the recommendations of the British 
Loadline Committee (1915). The amended formula is as follows: — 


R=dxpx(Q-n 


Where R is the reduction in freeboard, 
d is the reduction in freeboard for a complete superstructure, 
y is the ratio of the effective length of erections to the length of the vessel, 
p isa factor having a constant value of *5 for summer voyages and °35 for winter voyages. 


The allowance is limited to nine inches. 
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The allowances under each of the foregoing regulations are plotted in the diagram (Fig. B.), for a 
vessel having poop, bridge and forecastle covering 50 per cent. of the length. 
It will be observed that the Norwegian, Swedish and Danish allowances are greatest for the small 
vessels, and practically disappear when the moulded depth is about 28 feet, whereas the Dutch and 
: pe hescie 2 : : het: et et atte 
International Committee allowances increase with the size of the vessel until the limit is reached. 
In the Journal of Commerce article previously quoted it is stated in explanation of the Norwegian 
allowance :— 
“That a large ship cannot carry anything like so relatively high a deck cargo as a small one. 
The power of breaking seas prevents this, and no experienced master would attempt to carry a 
deck load on a large ship of say a height equal to 14 times the depth of the ship, as may safely be 
done on a small ship.” 
To this a Glasgow master mariner rather pertinently replied :— 


“The big allowance should only be given when the above condition is fulfilled—namely, 
the small ship should be compelled to carry the big load or forfeit the allowance.” 

The security of the deck cargo is a most important factor, It will be observed that in the case of 
light wood goods the upper portion of the load is required to be lashed independently in order to 
facilitate jettisoning in an emergency. This, I think, is an unfortunate recommendation as it is not 
beyond the wit of man to devise means for the proper security of all the cargo. 

The regulations require a platform to be provided on the top of the deck cargo to enable the crew to 
get backward and forward, but surely it is rather a precarious pathway in rough weather just at the time 
when the loosely secured timber is most liable to be carried away. 

The recommendations of the International Committee have been considered by the Board of Trade 
Advisory Committee, who have recommended their adoption, with the exception of the freeboard 
allowance, which they consider should be referred to the technical advisers of the Board. 

It will readily be realised that stability is a most important consideration in the loading of a timber- 
carrying vessel. 

The International Committee recommended as a standard that the vessel must be upright when 
leaving port. This means that G.M. must be positive. 

Bearing this in mind, the following particulars of a vessel which has actually been engaged in the 
trade will be of interest. The particulars are based on tests and observations made on the density and 
stowage of the cargo carried, and these agree very closely with the figures given by the author. The 
number of standards carried in the enclosed spaces was 1,032, as compared with 1,037, calculated on the 
basis of the figures supplied by the author. 


Moulded dimensions: 830 ft. x 46 ft. Gin. x 25 ft. 3in. 
Poop: 33ft. Bridge: 92ft. Forecastle: 33 ft. 
Load draught = 21 ft. 2in.; moulded: 21 ft. 4in. extreme. 


Load displacement: 7060 tons. 


F No. 1=144 tons. No, 2=260 tons. 
Capacity of double bottom tanks | a) Skee tone, eS aay 
Cargo carried : Pit props. 
Notr :—Samples of pit props were tested and found to weigh 36 lbs. per cubic foot dry, and 45 Ibs 
per cubic foot when saturated by sea water. 


Condition, with 400 tons coal in bunkers and after end of bridge ; props in holds, fore 
end of bridge, and in poop; no water ballast, and no deck cargo :— 


Moulded draught=16°4 ft. 
G.M.= 1:9 ft. 
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TaBLE SHowine Hercutr or Deck Carco In Fert AND DRaAvuGuT oF VESSEL, WITH VARIOUS 
Dovuste Borrom Tanks FILuEp, ror Varyine VaLuns or G.M. (Loading as above). 


No WATER No.2 Tank Furn. | NS 2 ae 3 TANKS | ary, TANKS FULL. 
BALLAST. 266 Tons. 43 ‘Toms 876 Tons. 
G.M. < 
a eee, Height Height Height | Height 
os Moulded el: se Moulded pac! Moulded ae Moulded 
4 ae Draught. 7 eae Draught. S oe Draught. 7 Fring Draught. 
— °5 11°4 18°8 13°8 19°9 16°4 20°7 20°8 2371 
g, 0 9°8 18°3 124 19°5 14°4 20°83 19°2 22°7 
m 
Bs + °5 8:0 17°8 1074 19°1 12°3 19°9 174 22°3 
4 
2 1:0 6°0 17°38 86 18°7 10°4 19°5 15°6 21°9 
15 3°3 16°8 6°9 18°3 8:4 19°1 13°6 21°5 
2°0 — — 5:1 17°9 6°6 18°7 116 21°0 
— °5 10°1 19'8 12°8 20°4 14°4 21°3 19°2 23°6 
3 $ 0 8:7 18°7 111 19°8 12°6 20°7 17°4 23°1 
ae ~ 
ES + 5 7:0 180 9-4 19°4 10°8 20°1 15°6 22°7 
cor 
he 1:0 50 17°4 fi | 18°8 90 19°6 13°9 22°2 
1°5 2°5 16°8 61 18°4 73 19-2 12°1 2L7 
2°0 a — 4°5 18°0 56 18°8 10°4 21°2 
Heient or Deck Carco IN Freer AND G.M. woen Funiy Loapep. 
Hrigut or Deck Cargo. G.M. 
CONDITION, 
Dry Saturated. Dry. Saturated. 
No water ballast 23°8 19°0 — 32 — 29 
No. 2 tank full 19°0 1674 — 19 — 16 
Nos. 2 and 8 tanks full 18°4 15°2 — 10 — 7 
All tanks full 12°7 10°83 + 17 + 2°0 


It will be observed that when all hold spaces are full the draught is only 1674 feet or 4°8 feet short 


of the load draught. This shows how necessary it is to carry deck cargo if the vessel is to be a reasonable 
commercial proposition. It will also be noted how much reliance must be placed on the water ballast 
‘carried to counteract the weight and height of the cargo carried on deck, and further, how necessary it is 
pe tll additional beam so that a full cargo may be carried without the aid of an excessive amount 
of ast. 
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Tt may be argued that the deck cargo increases the range of stability if properly secured, but as this 
may be neutralised by snow, ive, frozen scuppers, and saturated cargo, too much reliance should not be 
placed on this factor. 

Bearing in mind the condition that the vessel need only have a neutral or slightly positive G.M. 
when commencing her voyage it will be realised how risky is the practice of pumping out one tank in 
order to bring the vessel up to her legal loadline when entering a British port. 

Mr. von Rosen deserves the warmest thanks of the Association for his very instructive paper. 


Tue PRESIDENT. 


This Association has always a welcome for papers contributed by Surveyors at the outports. 
Mr. von Rosen has made an exhaustive survey of the timber carrying trade, and our best thanks are due to 
him for his interesting paper. 

What strikes one in reading this paper is the immense forest areas in the far northern countries of 
Sweden, Norway and Finland, covering some 50 per cent. of the land, and producing for the most part 
the lighter varieties of timber, chiefly pine and spruce. The paper refers little to Germany, but here also 
there are vast areas where one finds wood of the harder variety, including oak, which, so far as this 
Society is concerned, is classed equally with English oak. 

The business of transporting the timber from the Baltic has reached tremendous proportions, and 
the methods employed, from the cutting down of the trees to the shipment of the logs, has been vividly 
described by the author. The loss from sinking, in the process of floating the timber down to the coast, 
is stated as varying from one to three and one half per cent., apparently a very high figure. One is led to 
wonder what becomes of such timber, whether it is ultimately recovered, and whether it does not become 
a source of danger to river traffic ? 

On page 3 the author gives an interesting account of exports in the wood industries, and it is 
remarkable to what extent wood pulp is now being used in the manufacture of paper and fabrics. 

Considering to what extent the export trade has grown, it is surprising that with all the dangers 
attendant upon overseas transport due to the bad effects of top hamper, trouble incidental to expansion 
of the wood, and rolling, that more vessels engaged in the trade do not meet with serious consequences, 
notwithstanding the beneficial effects of legislation enacted from time to time with a view to reducing, as 
far as possible, disaster to this type of cargo carrier. 

Whatever may be done to regularise the loading of these vessels, there remains much responsibility 
with the captain in adjusting ballast, and keeping a watchful eye, as far as may be, on the stowage of the 
wood cargoes. It is surprising that, while the authorities have kept an eye on the freeboard of these 
vessels, penalties have seemingly not hitherto been imposed on Hie or captains of vessels, for 
covering up winches, hatches, pumps, scuppers, ventilators, etc., which more or less make it impossible to 
work the vessel efficiently in time of trouble. 

With regard to the matter of stability, 1 would like to ask to what extent the legislative authorities 
take into consideration the absorptive power of wood for water, and its effect, in the case of deck cargoes, 
on the value and range of stability ? 

Mr. Watt has stated that the lighter woods absorb as much as 36 per cent. in weight of the wood, 
with presumably a proportionate reduced percentage in the case of the heavier timbers. 

r. Townshend, in his remarks on the paper has just said that at a certain angle of heel a vessel 
would lose part of her deck cargo, in which case the stability would improve. What the amount of statical 
stability at this angle is, was not stated, and it occurs to me, that whatever its value may be, it is likely 
to be considerably reduced in the case of a vessel with a deck cargo of wood, exposed to heavy weather, 
if such top hamper has been increased in weight, due to absorption, to anything approaching the 
percentage just given, and might alone account for those disasters which occur from time to time. 


CORRESPONDENCE. 


Mr. H. J. Tuomson. 


Mr. von Rosen’s paper draws attention to a phase of shipping whose importance is hardly realised 
by those who have not actually been brought into contact with the vast trade in timber in the Baltic, 
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As the author points out, the technical questions associated with the shipping of timber have called 
for attention for many years, and the difficulty of framing regulations is well illustrated by the great 
diversity of the rules published in different countries. 

A very useful purpose would be served by the formulation of International regulations for this 
trade, but unless the signatory countries will definitely guarantee to put such regulations into operation, 
it would appear to be a waste of time to investigate the many problems involved with a view to arriving 
at an agreement. There is no lack of regulations at the present time, but it is well known that very few 
of them are actually enforced. 

As a typical example, it might be mentioned that in Finland a decree was issued that heavy timber 
deck cargoes were absolutely prohibited in winter, but that lighter timber might be carried to a height of 
seven feet. In practice, of course, it was found so difficult to enforce on account of the fact that dry 
timber absorbed so much water that is was soon a dead letter. 

In recent years the number of casualties sustained by ships loaded with timber has been very high 
and, according to Lloyd’s statistics, amounted to 811 per cent. of the total number of casualties and 
total losses during the period from 1st January, 1919, to 30th June, 1923, whereas the corresponding 
figure for vessels employed in the mixed cargo trade was only 17°5 per cent. 

The whole question is at present in a very unsatisfactory state, and has been thus expressed in a 
recent issue of a Finnish journal :— 

“The present position is that Finland, in spite of being the leading timber country in Europe, 
passively awaits—like Mr. Micawber—for something to turn up, and meanwhile lets the present 
unfortunate conditions remain as they are.” 


Mr. A. IsaKson. 


After having perused, with profound interest, Mr. Von Rosen’s comprehensive and exhaustive paper 
on the “ Carriage of Timber in the Baltic,” my first conclusion was that not much remained to be said on 
that vast subject. 

But our Honorary Secretary has a habit—very creditable, I daresay, for a Secretary of our illustrious 
Association. Even after the publication of most excellent and superior papers, Mr. Thomson will look 
around and try to squeeze out still more information from anyone whom he suspects can supply it, and I 
had, consequently, to once again look around, in my collection of data from years gone by, to see if 
anything could be found in addition to the voluminous and highly valuable mass of information supplied 
by the author of this paper. 

Tf, then, “‘ Carriage of Timber in the Baltic” be read to mean “ transportation of timber in the 
Baltic,” something may be said of other means of marine transport than on board ships. ; 

“ Necessity is the mother of invention.” In the year 1918, when the Great War gave rise to an 
unprecedented shortage of tonnage, the freights increased so abnormally that such cheap cargoes as sawn 
or planed light wood from the Baltic sawmills could hardly be freighted to Great Britain or the 
Continent. It is stated that, in the year 1918, the enormous quantity of 1} million standards of wood, 
or full cargoes for about 2,100 steamers of 600 standards, or about 1,800 tons deadweight each, were 
laid up at the Finnish sawmills alone for want of tonnage. 

It was then that, on an Anglo-Swede’s, the late Mr. William Olsson’s initiative, a new method of 
transporting sawn and planed wood across the sea was introduced. The design and technical details 
were worked out and patented by Mr. Otto Bergman, a Swedish engineer. The new method of 
transportation was called “ Refanuting,” after the name of the first “ Refanut,” constructed at Seskaré, 
in the north part of the Gulf of Bothnia, and successfully towed over the open Baltic Sea from 
Haparanda to Copenhagen. 

Another huge refanute was built of essentially the same type and size by English engineers at 
Hommelvik, in the Drontheim fjord, Norway, for transport across the North Sea, and preparations were 
made on the Swedish East Coast for constructing forty other still larger refanutes during the winter 
1918-19, which plans were, however, never realised, due to the conclusion of peace and the consequent 
falling off in freight rates. 

As the design and construction of these refanutes, and the new system of transport, the cost of 
which was stated to amount to only one-fifth of the exorbitant war time freights if the wood had been 
transported on board steamers, aroused considerable interest, not only in Scandinavia, but also in Great 
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Britain and Canada, and as a detailed report was then forwarded by me to the London office, an extract 
from this report may probably be of interest to the shipbuilding members of the Assuciation. 

In that report the refanute has been occasionally and somewhat inadvertently called “raft,” 
although, as is borne out by the following description and the account of its behaviour in a swell on the 
open sea, it is much more like an immense solid and compact beam or log than a raft in which the 
water is flowing and freely circulating between the individual timbers. 


Design, DIMENSIONS AND SCANTLINGS. 


The dimensions of this first refanute are as follows :— 


Length, extreme ... aie ees <0 ac 111°4 metres 
Breadth _,, a4 tfc hat ee na Looe VCs 
Depth rs about ... Gs sé ia 7st OS 
Draught, about ... ae rz 5 FI 


The bottom structure consists of four tiers of longitudinal beams or girders, each consisting of two 
tiers of 8in. x Gin. pine beams, bolted, the one tier on top of the other, by means of lin. screwbolts, as 
shown on photo D. 

These girders are connected crosswise by means of 8in. x 8in. beams and Lin. screwbolts at the 
crossings. 

Forward and aft, this bottom structure’ is pointed, the angles at both ends being 60 degrees. 

On this bottom frame, the first layer, consisting of 1lin. x 4in. deals, is laid longitudinally with the 
butts well shifted. The next, or second layer, is laid on top of the longitudinal layer at an angle of 
80 degrees to one side. The next, or third layer, is laid on top of the second one at a angle of 30 degrees 
with the longitudinal direction, but to the opposite side. The next, or fourth layer, again is laid 
longitudinally and so on, as shown on photoprints E and F. 

In addition, a few layers are dispersed throughout the body of the refanute at right angles to the 
longitudinal direction. 

It is assumed, that, by this distribution of the component tiers of the refanute, the longitudinal or 
bending stresses in the body, caused by the action of the waves, the weight of deck cargo, &c. (see below), 
will be absorbed by the longitudinal tiers, whereas any tendency towards ‘corkscrewing” in a seaway, 
caused by waves striking in an oblique direction, will be counteracted by the diagonal and athwartship 
tiers. 

This first refanute has been built on a floating bed of round timber, as will be observed on the 
photoprint D. But future refanutes will be built up on the ice, and a narrow channel cut in the ice 
around it, as soon as the refanute has attained a certain height and weight, when it will sink until 
equilibrium is reached, and the building will then be continued from alongside the edge of the ice. 

The individual deals and boards are not stowed tight together sideways but with a certain play, so 
as to allow for the swelling of the woud sideways. Consequently, the breadth of the refanute will not 
increase during the time of building, and the swelling of the whole body will be limited to the vertical 
dimension only. 

The distribution of internal pressure within the raft is very different from that prevailing in an 
ordinary cargo of wood, stowed in a vessel’s hold. In the hold, the pressure is at its maximum at the 
bottom, and is due to the weight of the whole cargo. In a refanute, on the contrary, the pressure 
within it is at its maximum level with the waterline, and is there equal to the weight of the part situated 
above the water level. From that level the internal pressure decreases both upwards and downwards 
until it nearly disappears at the “deck” and at the bottom, where it is only equal to the lifting tendency 
of the water on the bottom frame work and the bottom tier of deals. 

In order to increase the int2rior pressure in the refanute sufficiently to maintain the exterior form 
and to create sufficient rigidity in this form, the refanute is surrounded by a network of steel wires, as 
shown on photoprints G and H. 

The wire ropes are all extra strong flexible steel wires, each consisting of 144 threads, tonghhardened 
and galvanized, possessing sufficient elasticity to allow them to elongate without breaking, when the 
body swells vertically through the action of the water on the under water portion of the refanute. 

The cross ties consist of twelve 4 in. wires, with a guaranteed breaking strength of 48-5 tons each, 
placed on a distance from one another of 7°60 to 7°75 metres. In the space between any two of these 
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wires, two thinner wires of 1} in. circumference, and a breaking strength of 9°05 tons each, are wrought 
round the refanute. 


In order to obtain a uniform pressure on the surfaces of the refanute from all these wires, the bilges 
and gunwales of it are both rounded, and the wires are tightened up by means of an ordinary screw 
arrangement. The heavy crosswires are prevented from altering their position longitudinally in the 
following manner. 


In the bottom framework, the wires are wrought through holes in the four girders, and at the 
crossings with the three heavy longitudinal wires, described later on, they are secured to them by means 
of bolted cleats of plate iron, which effectively prevent any movement of the wires at the crossings. 


Longitudinally, and at the wedge-shaped ends, the form and rigidity of the refanute are maintained 
by means of four heavy 5% in. wires with a breaking strength of 88 tons each, one running at centre 
line of the deck, one between the two central bottom girders, and one on each side of deck and 
bottom, four metres from the central wire. All these heavy wires are wrought round the bows and 
are adjustable by means of screw arrangements. 


The bows are surrounded by a separate network of wires, in addition to the strengthening, afforded 
y the diagonal end extensions of the central wires being wrought round the bows perpendicularly to the 
sides, and by the side wires being extended parallel to the sides of the bows, and wrought round them on 
opposite sides, as shown. ‘The side wires are secured to one another rownd the sides of the bows by 
means of 4 inch wires, and, in addition, four thinner 2} inch wires are wrought round each side of each 
bow from deck to bottom, all these wires being adjustable by screw arrangements. The function of these 
bow wires is to maintain the form of the wedge-shaped bows, and also to distribute the pull from the 
towing hawsers well around the after body of the refanute. 


The pull from the towing hawsers of the tug boats is distributed over this network of wires in the 
following manner :— 


The after end of the towing hawsers is connected to a heavy iron ring, wrought through an eye in 
the fore part of the central deck wire, and the same ring is also wrought through eyes in wires of the 
same size connected to both side wires on deck. Thus, and by means of the cross connections between 
the athwartship wires, and the longitudinal wires, the pull from the towing hawser is distributed over 
practically the whole network of the refanute, and the pull even contributes to tighten up this network. 


A rudder with quadrant and steering gear is fitted aft, the gudgeons being on the rudder and 
embracing a 4 inch round bar, acting both as a rudder stem and as a common pintle to all the gudgeons. 
This rudder stem is firmly secured to the after end of the refanute by means of five channel bars of 
section No, 22, five to six metres each in length. 


The crew, consisting of a master, a superintendent engineer, six men, and, temporarily myself, were 
berthed in a deckhouse aft. 


The wood cargo is stated to consist of not less than 499,535 different pieces of deals, battens, boards 
and scantlings, gradually decreasing in dimensions from 11 in. x 4 in. in the bottom tiers, to 
4in. X @ in. in the tiers next to the deck. 


RIGIDITY OF THE STRUCTURE. 


At first glance on this structure, a shipbuilder would, like myself, feel inclined to believe that it 
would not be able to face even a moderate swell without being “disintegrated” or loosened by the 
working of the body. But the originator of the new type of raft, Mr. William Olsson, and the designer, 
Mr. Otto Bergman, maintain that the friction or adhesion, arising between the rough surfaces of the 
numerous pieces of sawn wood, due to the internal pressure in the refanute, is quite sufficient to give it 
enough rigidity to withstand the stresses, caused by the swell and the pull of the towing hawsers. 


In order to facilitate observations on the gradual alterations of form of the refanute, if any, eight 
sounding pipes were fitted, four on each side in way of the longitudinal side wires, and extending 
from the bottom frame to the deck. By means of the soundings, taken in these pipes, it was possible 
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to ascertain any deflection or permanent set of the body of the raft from its departure from the building 
place until its arrival at the port of destination, Copenhagen. 


In addition, on my recommendation, a series of levelling rods, nine in number on port side and five 
in number on starboard side, painted black and white, were fixed up, in line, so as to facilitate 
observations on the behaviour of the body in a seaway and on the straightness of the deck on arrival at 
Copenhagen. 

A steel pianoforte wire, hauled tight and passing inside rectangular frames on starboard side, was 
intended to facilitate the exact measurement of the deflections, but was found useless for this purpose, as 
on account of the rolling of the raft, ina seaway and under the action of the wind, this wire was found 
to oscillate or swing so much, as to render the taking of measurements impracticable. 


OBSERVATIONS THROUGH SOUNDINGS. 


On the 29th September, 1918, as the refanute lay ready at Soskaré, Haparanda District, my assistant 
at that time, Mr. John Kinnman, of the Swedish Corps of Naval Construction, sounded the height of 
water in the sounding pipes and found it to be as follows :— 


Port. Starboard. 
Now. ace ces 4°53m. ase vec vee 4°59m. 
ear at ans A 4°49 ,, ce! ate S40 4°44 ,, 
“ee eae oe re 4°46 ,, coe rar eee 4°42 ,, 


ew agre eee vee 4°64,, ose 519 tee 4°60 ,, 
Approximate amount of hog on starboard side :— 
b9 + 4° 4:44 + 4:42 
a less hh aad = 16°%cm. 
2 

Approximate amount on port side :— 

4°53 + 4°64 4°49 + 4°46 

a less a = 11:°0cm. 


Mean hog of the refanute 13°75 cm. 


On the 6th October, 1918, after a deck cargo of 65 cubic fathoms of split wood weighing about 198 
tons, had been taken on board as reserve fuel for the two tug boats, and placed about amidships, and a 
second series of soundings was taken, and found as follows :— 


Port. Starboard. 
No. 1 sca Asc 4°70m. con ee “at 4°79m. 
3 8 d as Sar 4°68 ,, ian 4°65 ,, 
ts MT ve nie a Tie. see ae ue 4°68 ,, 
teed she oat Wo 4°80 ,, od Mas mee ATT 4 


Approximate amount of hog on starboard side :— 


4: 4°77 4°65 + 4°68 

ee less eS = 11°5cm. 
Approximate amount on port side :— 

4:70 + 4°80 4:68 + 4°71 

SGI RE ae DIE Chien io BN 


Mean hog of the refanute 8°5 cm. 


The deflection, or sagging, of the refanute from the original form, caused principally by the added 
weights amidships of 198 tons of deck cargo, thus amounts to 13°75 cm., less 8.5 cm, = 5°25 centimetres, 
or about two inches only. 
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On the 4th November, 1918, raft mcored alongside a quay in the Copenhagen Free Port, and all 
deck cargo removed, I took a new series of soundings, and found them as follows :— 


Port. Starboard. 
ty a ae at ey 505m. <a oe as 4°97m. 
1) TBs As a, Wow 4°84 ,, tT Yas te ATs 
SC cae ae ect oe © ie Ta eee a? re 
» + aan Pe én 5°12,, ome wan ue 4°94,, 


Approximate amount of hog on starboard side :— 
4°77 + 4°84 


ete less gees) 15°0 cm. 
Approximate amount of hog on port side :— 
wore less ee = 22:0 cm. 


Mean hog of the refanute, without deckload, thus—18°5 cm. 


As the original mean hog, measured before the deck cargo was loaded, and before the refanute 
departed on her voyage from Seskaré, was 13°75 centimetres, the body of the refanute has not only 
sprung back after having been released from the deck load, but the hog, after arrival at Copenhagen, 
appears to have even increased nearly five centimetres. At the same time, the soundings show that, 
due to the long immersion in water of the lower portion of the refanute, the draft has been gradually 
increased by about 20 centimetres, less immersion, due to deck load, during the seven days from 29th 
September to 6th October, and by a further amount of about 19 centimetres during the 29 days from the 
6th October to the 4th November. 

The slight increase of about two inches in the hog of the bottom, just mentioned, may probably be 
accounted for partly by both ends of the refanute having been considerably more exposed to the wayes, 
and consequently more soaked by water and increased in weight than the middle portion of the refanute, 

artly by the depression of the bow, caused by the oblique direction of the heavy towing hawsers, and 
dealt with later on. 


ALTERATION OF DIMENSIONS AND FoRM OF THE REFANUTE. 


The length and breadth of the deck between the centres of the sounding pipes have been ascertained 
by means of adjusted brass-shod measuring rods before the departure of the refanute from Seskaré, and 
found to be as follows :-— 


Port. Starboard. 
Length between Nos. 1 and 2 see ra 30°82m. ot sy 30°82m. 
“ i Re ike ci, shail, hae 


+ eee | ase eee 30°72 ,, deo bee 30°65 ,, 


” ” ” 


Breadth between centres of sounding pipes No. 1 a. 812m. 
” ” ” ” ” ” 2 8°09 ” 
” ” ” ” ” ” 3 811 ” 
” ” ” ” ” ” 4 8°10 ” 


The positions of these centres have been checked, both at the stay of the refanute in Nyniis Harbour 
and at the arrival of the refanute at Copenhagen, and found to be precisely the same as originally, showing 
that the surface of the deck has been quite unaffected by the strains which have arisen during the 
voyage. The only alterations in the form and volume of the refanute which have been observed on her 
arrival at Copenhagen, in addition to the slightly increased hog of the bottom, are as follows :— 

The upper surface of the deck has been raised between two and three centimetres, due to the 
swelling of the lower portion of the refanute, but the level of the deck between the wedge-shaped ends 
has been examined by me at Copenhagen by means of the levelling rods above mentioned, and found 
quite true and unaltered. 

The forward portion of the wedge-shaped bow, which, like the aftermost wedge-shaped portion of the 
body, was originally built with a slope in the deck, and was then found to have a drop at the forward 
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angle of the wedge of 48 centimetres below the extension of the horizontal deck surface, was, when 
examined after the return to Seskaré, after the refanute had sustained heavy stress of weather, with three 
metres height of swell, found to have a further drop of five centimetres. This was ascribed to the fac. 
that, when the refanute had encountered this stormy weather and rough sea, causing the whole convoy to 
return and seek shelter, the towing hawser, which consisted partly of anchor chain, had come foul round 
a bottom stone, so that the refanute suddenly “anchored up,” causing a violent strain downwards 
on the bow. 

On the 4th November, at Copenhagen, the drop of the bow was further examined by me and found 
to have further increased 124 centimetres, which local deformation is apparently due to the long heavy 
towing hawsers from the two tug boats, hanging down from the forward end of the bow in an angle of 
about 80° with the water level, having caused a continuous pressure downwards on this rather weak 
portion of the refanute, equal to about half the combined pull in the hawsers of the two powerful 
tug boats, 

* ‘The deflection on the upper surface of the bow was, however, found quite gradual after a fair curve, 
and no signs of flaw in the bow could be observed anywhere. 


ConDITION OF THE STEEL WIRES. 


The position of the steel wires, on arrival of the refanute at Copenhagen, was found quite 
undisturbed, and the swelling of the wood having shown to be much less than was originally expected, 
no slackening up of the set screws had been found required during the voyage. 

The lengths of those of the individual wires, which are most exposed to stress, were measured at 
Seskaré, and these measures were checked by me at Copenhagen, when the only elongation, which could 
be observed, was found on the 5} inch central wire, abaft of the ring for the tow ropes. This wire was 
found to have extended, from the pull of the two tugs, 94 centimetres on a length of 18.40 metres, or 
about 4 per cent.of the original length, which elongation appears to be insignificent. 


BEHAVIOUR OF THE REFANUTE IN A SEAWAY. 


The heaviest sea swell encountered on the voyage is stated to have been at the first start, south of 
Haparanda, when the height of the waves was stated to have been about three metres, some even washing 
over deck and threatening to wash the deck load overboard. It is to be regretted, that, on this occasion, 
no arrangements were yet made on board for measuring the amount of hogging and sagging of the body 
of the refanute. 

At the stay of the refanute in Nyniis Harbour, a few miles to the south of Stockholm, I had the 
black and white painted levelling rods, mentioned above, put up, adjusted and firmly secured on deck. 
When under way from Nyniis Harbour along the central part of the Baltic to Storklippen Light, outside 
Vestervik, the swell was not so important as to cause any perceivable working or deflection. I could then 
only verify that, for a swell, up to about 14 metres in height, absolutely no working of the body 
took place. 

fh the south part of the Baltic, however, a sea rose of from two to three metres in height, and then 
the midship portion of the refanute was found to rise and drop relatively to both ends, within the limits 
of six centimetres and twelve centimetres between the extreme positions, thus showing that an actual 
deflection from the horizontal line of the deck took place of six centimetres as a maximum, a deflection, 
which is thus practically equal to the deflection of the bottom, caused by a deck load of 198 tons, as 
ascertained through the soundings above recorded, and not much different from the corresponding 
deflection of a loaded steel vessel of the same dimensions as those of the refanute working in a seaway. 


STEERING AND MancuvRInG. 


The rudder with steering gear, which was found constructed in accordance with the plan, was found 
altogether inefficient for its duties. This is most probably due to two causes, or partly it may be ascribed 
to the low speed of between three and four knots, which was all that could be realised by the two tugs 
“Frey” of 700 LEP as a maximum, and Minerva” of 400 IEP as a maximum. It is, however, 
estimated that with the wood fuel, which was mostly used during the voyage, the power available was, as 
an average, less than 800 IEP. Partly the almost total lack of steering capability may be due to the 
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absence of a clear run of the lines of the after body of the refanute, causing the rudder to be working in 
the eddies, formed by the refanute. The rudder head is, in addition, of too weak design and construction. 


Actually, when the refanute was under way in the open Baltic between Nyniis Harbour and 
Storkliippen Light, running before the wind and waves, I observed her tacking from starboard to port 
and from port to starboard at an angle of up to about 45 degrees from the straight course, steered by the 
tug boats, in periods of about 10 minutes time. When, later on, the wind and waves were coming cross- 
wise from starboard side, she became steady on the starboard tack and had then, consequently, to be 
towed diagonally through the water. 


SPEED. 


The speed has been, on an average, during the whole voyage, about 3} miles an hour, increased on 
the passage from Nyniis Harbour to Storkliippen to 4 miles, due to fair wind and slightly favourable 
current. The low speed is, in my opinion, due principally to the sides and bottom of the refanute not 
being smooth. { 

I have made an estimate of the increase of wetted surface arising from the deals and boards 
projecting at oblique angles from the sides of the body, and found, that the actual wetted surface is 
about 90 per cent. in excess of what the surface of the sides would be, if smooth. I have, consequently, 
given the advice to the representative of the Refanut Co. (Aktiebolaget Refanut) that it would be well 
:* ey could arrange for a wood sheathing of the sides below water, so as to increase the mean speed of 
the refanute. 


GENERALLY. 


The observations, above referred to, appear to corroborate the opinion of the originator and the 
designer, that the internal pressure between the component parts of a refanute is sufficient to practically 
alter the friction or adhesion between these parts so much, that it may be considered equal to the 
cohesion in a solid log or beam. In particular, the good elastic properties of the main body of the 
refanute, if the weak, pointed ends be disregarded, is really striking, and appears materially to support 
this theory. 

I bare however, suggested to the owner the desirability of altering the form and arrangements of 
future refanutes in the following respects :— 


1. The ends to be made of stronger design, by preference not of a vertical wedge shape, but 
square or rounded and with a good slope under the waterline, so as to give an easy flow of the 
water from the after body and prevent eddies 


2. The rudder to be substituted by a kind of central deadwood underneath the after portion 
or counter, and extended so much abaft of the main body as to prevent the refanute from tacking 
from one side to the other. 


8. The towing hawsers not to be secured to the longitudinal central wire on deck, but to a 
wire passing longitudinally through the refanute in the vicinity of, or below, the waterline, and 
well secured to the network of the surrounding wires, so as to well distribute the pull from the 
towrope over the refanute and avoid any tendency to tacking. 


By the adoption of one or all of these measures, it would be possible to tow a refanute in a straight 
course with no crew on board her, and thus materially reduce the risk of life, inherent to this mode of 
transport, in the event of an unexpected hurricane, and, at the same time, cheapen the cost of refanuting. 


The originator, Mr. William Olsson, also entertained the idea, that, by gradually increasing the 
depth of the refanute towards the stern, and thus removing the centre of gravity of the refanute and the 
centre of lateral resistance to positions further aft, the steering capability would also be much improved. 
Also the refanute may be fitted with practically tight bottom and sides, and with automatic motor pump 
arrangements, so as to protect also most of the lower part of the wood cargo from being soaked by water. 


When the refanute was being towed through Calmar Sound, the towing hawser of one of the tug 
boats became loose on board the tug, due to the brake of the towing winch suddenly failing. This 
hawser was then dragged along the bottom, thereby cutting the telegraph cable connecting the island of 
Oland with the main land. As this casualty has, however, nothing to do with the efficiency or behaviour 
of the refannte, it has not been further dealt with in this report. 
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In conclusion, I have to report that refanutes, of the general design here described, appear to possess 
sufficient rigidity to resist the action of even a fairly rough sea; that waves, of about three metres in 
height, encountered on this first voyage with a lashed raft of sawn wood, termed “refanute,” when 
striking against the bow and sides, have not caused any damage whatever ; that the working in a seaway 
of this refanute, of more than 100 metres in length, and the periodical deflections from the horizontal of 
the main body between the wedge shaped ends, are insignificant, and probably less than those that may 
be observed on the hull of a cargo steamer of the same length, loaded with heavy cargo; that the 
permanent set of the deck line is practically nil; and that the network of steel wires has been found to 
be judiciously disposed over the surface of the refanute, and has actually prevented any part of the 
surface wood from coming adrift or even from losing the firm adherence to the adjacent parts of the 
refanute, which appears to be the “springing point,’ and the underlying principle of this new 
kind of transportation of sawn wood. 

On condition that the steering capabilities of the refanutes can be materially improved—I think they 
can—so as not to endanger navigation in narrow waters, both to the convoy itself and to meeting vessels, 
and provided, furthermore, that Underwriters can be satisfied that the same conscientious attention to 
details of stowing and binding together be given to future constructions, as has been bestowed on the 
“ Refanut I.,” I consider the risk on insurance of this kind of craft—apart from the fact, that about 
five-eights of the “cargo” is, or may be, soaked with water from the outset—little, if at all, greater than 
that of the large deck cargoes of sawn wood usually carried across the North Sea. In fact, it is stated 
that Swedish Underwriters insured the “Refanut I.” for her voyage from Haparanda to Copenhagen 
by the end of October at the rate of 44 per cent., inclusive, war and all other risks, and made a profit 
out of it. 

But I beg to emphasize that I do not recommend promiscuous insurance of this kind of craft, 
irrespective of its origin and construction. I understand that the ‘‘ Aktiebolag Refanut” are patenting 
the main features of the new construction and have registered the name “Refanut” in different 
countries. 

Although, so far as my information goes, only the two refanutes above mentioned were built and 
arrived at their destinations, and these two crafts may, consequently, be considered only as the forerunners 
of a contemplated emergency fleet should the great war have extended for still another year, these 
experimental craft may no doubt reappear, if another similar freight situation of some duration should 
arise. 

Mr. Bergman, the inventor, has supplied the following additional information, which appears to be 
of practical value for future constructors of similar craft. 

The first refanute took not less than 24 months to construct, as naturally, a first experiment will 
more or less be subject to “trial and error.” But, after the experience thus gained, a refanute of 2,100 
standards will be easily built in six weeks. The lower part of the craft may then consist of deals, taken 
direct from the sawmills without the customary drying or seasoning, which will be carried out at the 
place of destination; and, should a temporary sheathing of bottom and sides be found capable of 
preventing the interior of the lower part of the craft from being flooded with water, if a powerful motor 
pump be kept working during the passage, even the lower part of the craft might be composed of 
dried wood. 

The stevedores’ work will be about the same or even less for a refanute as for the same quantity of 
wood stowed in steamers. 

The first cost of wires, screw arrangements, bolts and carpenters’ work amounted to about 60,000 
Swedish crowns, about £3,330, but most of those wires, etc., can be used over again in the construction 
of further refanutes. 


ST1nL OTHER METHODS OF Woop TRANSPORT IN THE Batric. 


A very important and rapidly increasing transport of round timber takes place in ordinary rafts 
across the Baltic, and, of late years, also across the North Sea, especially from Finland to Amsterdam 
and neighbourhood, where the piles, generally of a length of 12 to 15 metres, are mostly used for the 
very extensive works in the Zuider Zee. 

In these rafts the round timber is lashed together with strong chains, and a number of such 
rafts are then towed along by full-powered tugboats, a system of transport which is stated to have 
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come into extensive application also on the coasts of the United States and Canada. In the Baltic this 
raft transport is principally employed in bringing the timber from distant forest districts in the 
north of Sweden and Finland to the great sawmills and pulp factories along the coast of the southern 
part of the Gulf of Bothnia and the Baltic. The economy in freights, amounting to about 50 per cent., 
as compared with the transports in cargo vessels, is stated to be a conditio sine qua non for these two great 
industries, and the stevedoring is also, naturally, very much cheaper with this mode of transport than if 
the timber were carried on board. 


An idea of the relative magnitude of this open sea transport may be formed from the statement that, 
if the export of sawn wood is estimated, roughly, at one million standards from each of the two countries, 
Sweden and Finland, the open sea transport in rafts of timber amounts to about 400,000 standards 
annually, and, last year, 1926, approached half-a-million standards, The tugs engaged in this traffic are 
estimated to represent an aggregate of about 18,000 indicated horsepower, and the volume transported 
corresponds to 400 to 500 full cargoes, in steamers loading on an average 3,000 tons d.w. each. 


Tt has been inferred that these long rows of rafts, towed along in dark nights and in rough weather, 
are a serjous danger to navigation and, as an example, a recent case has been cited, when, about the end 
of last year, such a convoy had been surprised by a gale of wind and been scattered, the lashing chains 
breaking and the timber left floating about on the rough sea to the imminent risk for hulls and propellers 
of passing vessels. 


The internationally agreed Rule appears to prescribe that, when such convoy of rafts is more than 
180 metres in length, the tugboat should show three vertically placed masthead lights and statutory 
sidelights on the aftermost raft. These precautions have, however, been characterised as insufficient, 
as, when the convoy is several hundred metres in length, it is too easy, on a dark, rainy night, to mistake 
the two signal lights on the aftermost raft for those belonging to a separate sailing vessel. 


A revision of this rule, so far as applicable within Swedish waters, is at er under consideration, 
implying, that signal lights, on a convoy of many rafts, should be carried at intervals not exceeding 
100 metres. 


I am prepared for my friend Mr. von Rosen’s objection, that the two methods of transport here dealt 
with by me cannot be termed carriage of timber, but are only towage of timber, which method of 
transportation does not fall within the compass of his paper. 


Well, this shortcoming I am prepared to admit, and my excuse is, that the author has so exhausted 
the subject of “carrying” timber, that I could not find anything more to say on that subject. I hope 
the author will accept this as my best compliment to his excellent paper. 


REPLY BY THE AUTHOR. 


Mr. Bryden gives a welcome supplement to the paper, historically and ae reef He emphasizes 
that the extra draft of the timber carrier is spent in carrying the safety giving waterballast. This reminds 
me of an incident related by a trustworthy man; a timber carrier was too rae loaded, the crew 
remonstrated and to satisfy them the captain let so much water be pumped out of the tanks as to make 
the vessel resume her permissible draught. 


Mr, 8. Townshend’s remarks are a most necessary addition to the paper. Page 8, 2 :—‘ And 
another tank is left empty for eventual filling at sea” is not to be understood as a regulation, but is a 
custom of the trade. It is of interest to compare the 16 feet high deckcargo in Mr. ‘Townshend’s 
diagram 8 with the nearly 20 feet high deck cargo in Fig. 11. 


Mr. D. Gemmel has sent an example of casualties from the North Atlantic trade ; the statement 
that “the bilge injection, being on the portside of the vessel, could not be made use of” brings into mind 
the Norskp SJoKONTROLLEN’S regulations for steamers, that a hose with internal steel windings has to be 
ready for emergency in the engine room, and to be of such length that, when coupled to the ballast pump 
suction chamber, it can reach any part of the engine and boiler room. 


As regards the question Mr. Dorey raises in connection with depth of loading, I will refer to the 
incident related to Mr. Bryden, further to the fact stated on page 14, 6 that “many shipowners in 
Denmark do not take advantage of the non-compulsory freeboard,” that is, they do not have it assigned. 
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Mr. W. Watt's analysis of the various wood deck cargo rules gives the subject the required finish. 
I note that accordirg to the proposed International Rules any cargo may be carried in the hold of a wood 
deck loaded vessel. The Scandinavian restriction, that one-half the cargo in the hold shall be light wood 
or pulp, is—in the light of this—of interest. The most determined advocate of a “clean” wood cargo 
could not insist upon water as the only ballast, if an equal weight could be procured in the form of—for 
instance—cement in barrels; this concession carries him, however, one step further, such quantity not 
being a commercial proposition, it must be increased, and is—I suppose—arbitrarily fixed at half the 
deadweight of the cargo in the hold. 

Why this restriction ? I suppose to prevent vessels with full cargoes of, for example, cement or iron 
ore, from adding on top of such trying cargo an extra wood deck cargo, a cargo which one would think 
would be difficult to deliver in good condition, due to the heavy movements of the vessel. The sailors 
in the Baltic timber trade often speak of the pleasant movements of vessels loaded with wood in hold 
and on deck, compared with the heavy rolling on the return voyage with coal. Are these easy movements 
not one of the arguments in favour of the deeper loading ? 

The President enquires about the position of the authorities on the absorptive power of deck cargoes, 
but I regret not being in possession of more data than that given on page 18. It is interesting to 
observe that the parts of the paper, which has created most general interest, are those dealing with this 
question ; I suppose the explanation is here that we find the Achilles heel of the wood deck cargo 
question. 

Mr. H. J. Thomson, Gothenburg, who kindly supplied me with valuable information when I wrote 
the paper, takes a pessimistic view of the enforcement of eventual international agreements ; what I have 
to say on this subject is contained in the earlier replies. 

Mr. A. Isakson, Stockholm, supplements the paper with an instructive account of an original system 
of timber rafting used when freights reigned high; Mr. Isakson also draws attention to the important 
role timber rafting still plays in the Baltic. 


T take the opportunity to thank Mr. Isakson for the periodicals he sent me, containing valuable 
information, which are embodied in the paper. 


A printer’s error is found on page 19 :—The illustration to the 2,000 tons dw. steamer should be 
Fig. 10. 
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“THE BEHAVIOUR OF METALS UNDER REPEATED STRESSES,” 


By F. G. LEA, D.Sc. 


INTRODUCTORY. 


THe PRESIDENT. 

On behalf of the Staff Association of Lloyd’s Register I should like to give an informal word of 
welcome to the visitors who are present here this evening, and that especially applies to Professor Lea, 
who has broken away from his work at Sheffield University to come here to speak to us ona very difficult 
subject. 

Professor Lea is probably unknown to some of us personally, but I think most of us are 
acquainted with him best through his books and the many papers which he has published on this subject 
aa on kindred matters before most of the scientific institutions in this country and abroad. 

The subject is of very great importance and interest to engineers generally, and I think to members 
of the Staff of Lloyd’s Register it is especially of interest. The lecture itself must not be regarded in any 
sense as purely academic. The researches which haye been made, and the information that has been 
obtained as a result of those researches, will, as I think we will all agree, ultimately prove of great value 
in practical constructive work, not only with regard to ordinary machinery and bridges and work of that 
kind, but will be of very great value to the shipbuilder. 

There is no need, I think, at this moment, for me to indulge in any further comments on the subject 
of the paper, but before calling upon Professor Lea to deliver his lecture I will ask Sir Westcott Abell to 
make a few remarks. 


Str Westcotr ABELL. 


I have, unfortunately, to leave almost at once, but I should like to support what Dr. Laws has said, 
namely how grateful we are to Professor Lea for coming here, at what I know must be great inconvenience 
to himself, to give us his views on a very difficult problem. 

The problem of the limited stress and the behaviour of material under extreme conditions is one which 
is troublesome to all of us, and I know that Professor Lea will throw considerable light on the subject, and 
that the light will fall on very fruitful soil, with excellent results. 

The Staff Association have one of these Special Lectures every year. We have been very fortunate in 
getting a distinguished man of science, who is also connected with engineering, to give us this Annual 
Lecture, and I am sure you will agree with me that Professor Lea in every way maintains the high tradition 
that has been set up in the past few years. 

I am sure you will give Dr. Lea a very great welcome, and thank him for his trouble in coming here. 


Proressor LEA. 


T was not aware that I was so honoured as to be allowed to give what is looked upon as an Annual 
Address or Annual Lecture, but really thought I was giving expression to the high regard I have for my 
friend Dr. Laws in being allowed to come to your Society under his chairmanship. I should like just to 
say that word, and to say that it gives me great pleasure to come because of my old friend Laws being 
President of this Association. We were at College together, and we know a great deal more about each 
other than you know either about Dr. Laws or about me. 


(Professor Lea then proceeded to give his lecture.) 
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THE BEHAVIOUR OF METALS UNDER REPEATED 
STRESSES, 


By Proressor F. C. LEA, D.Sc. 


Reap 9TH Marcu, 1927. 


INTRODUCTION. 


One of the most important and at the same time one of the most difficult and perplexing problems 
that an Engineer has to meet in the design of machines and structures is the behaviour of materials 
under repeated stresses. 

Tt is not difficult to determine what load steadily applied will fracture any given piece of material in 
tension or compression, or what load will cause failure of a beam, or what torque will twist a shaft or 
other element. 

The history of the development of the Art and Science of the testing of materials, dating from the 
end of the eighteenth century, has very largely consisted in the determination of the behaviour of 
materials under these simple tests, and specifications, now drawn up by the hundreds, frequently include 
a tensile test, not only as an important indication of the quality of the material, but also as a guide to 
the designer in determining the working stresses to which the material may be subjected. From 
experience engineers have found that the actual stresses to which materials can be subjected under 
working conditions are very much less than the so-called breaking strength of the material, and thus the 
much abused “Factor of Safety,” or, as we are apt to call it when in a cynical mood, “Factor of 
Ignorance,” has become the last resort of the troubled designer. Much has been written and more said 
on the question as to what is the property of the material upon which the factor of safety should be 
based. Some have contended that the ultimate tensile strength is unimportant, and that the “elastic 
limit” or‘ limit of proportionality” of the material should determine the working stress. Others have 
even gone so far as to suggest that tensile tests for certain types of materials are useless and that 
arbitrary tests like hardness and impact tests are of greater value as indicating at any rate the quality of 
a material. 

The real problem that the engineer has to face is not, however, what load when once applied is 
likely to break a piece of material, but under what loads or under what conditions is a piece of material 
likely to fail when a stress is repeated? What is the nature of the stress that finally causes fracture ? 
Does the material actually crush under compression, or tear under tension, or is it always shearing stress 
that finally causes failure, and is this shearing stress the same when it acts simply or in co-operation 
with a tensile stress or a compression stress on any plane? In trying to answer these questions the 
further question immediately arises as to the actual stresses that occur in elements when subjected to 
certain loads. A tensile test piece, in a testing machine, subjected to an axial load probably has a 
practically uniform stress over the cross section as long as the strain is small, but it is by no means 
certain that when, for example, a piece of mild steel begins to draw out in the well-known manner and to 
fail “as a cup and cone fracture,” the stress is even approximately uniformly distributed over the cross 
section. When an element in a machine is subjected to certain loads, producing known tensions, thrusts, 
bending moments and torques in the element, it is usual to calculate the stresses by the elastic theory 
and experiment justifies this assumption up to a certain point. When, however, there are discontinuities 
like pin holes, keyways, screw threads, changes in form and dimension such as are unavoidable in crank 
shafts, for example, it is by no means certain that where the discontinuities occur the stresses are of the 
order of magnitude given by the simple theories. 
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Elastic theory indicates, and Coker and others by experiment have shown, that when there is a small 
hole in an element subjected to pure tension the stress at the edge of the hole may be three times the 
mean stress in the elements. When a specimen is subjected to pure torsion Southwell has shown that the 
tensile stress on planes at 45 degrees to the axis of the specimen may, when there is a small hole in the 
specimen, be 2°7 times the stress when there is no hole. Griffiths has suggested that when there are 
small cracks or similar discontinuities the stress at the crack may be very many times the mean stress in 
the neighbourhood. In addition to mechanical changes of form there are the possible discontinuities 
occurring in the structure of the material. Griffiths suggests that such cracks must occur in all materials, 
and thus accounts for the comparative weakness of materials as compared with what their theoretical 
strength should be. 


Materials, however, appear to fail, not by adhesive stresses being directly overcome by tension, but 
by sliding on certain planes, or, in other words, shear stresses are the cause of failure. The work of 
Taylor and Elam on single crystals of aluminium and iron shows in a very beautiful way how the pulling 
out of a specimen under tension is accounted for by slipping on well-defined planes of weakness of the 
space lattice of the crystal. Experiments on single crystals of aluminium by Gough, Hanson and Wright 
show that under repeated stresses the failure may be of exactly the same character and that the specimen 
fails by slipping on well-defined planes of weakness. 


All the metals used by engineers are aggregates of crystals, with their axes directed promiscuously in 
many directions, so that any particular plane through a specimen will not coincide with the planes of 
weakness in the respective crystals, but, in some crystals of the mass, the planes of weakness may agree in 
orientation with the planes of maximum variation of shear stress, and thus it may be that, although 
with a steadily applied stress the better placed crystals may support the weak member, when the stress 
is alternated rapidly small sub-microscopic slips may occur which by accumulation eventually cause 
failure of the material. It is not difficult to show that, when specimens are subjected to either steady 
or repeated stresses of greater than a certain magnitude, slip bands occur in the specimen, and the author 
has shown that slip bands may be formed, and after their formation millions of repetitions can be 
applied without failure. 


The problem is further complicated by the conditions that occur at the boundaries of crystals. 
Fig. 1 shows a microphotograph of a piece of steel; the crystal boundaries are clearly shown; surrounding 
each crystal there is a boundary of a eutectic generally assumed stronger than the crystal and this has to 
be broken through. The structure of a normalised 0°32 C. steel is very similar. In a very large number 
of cases of materials of different constitution and condition the author has discovered cracks that have 
occurred, before complete failure, in materials subjected to repeated stress and in practically all cases 
the cracks have gone through the boundaries and crystals indiscriminately, but whether the crack has 
actually started in the crystal or at the boundary it has not been possible to say. (See Fig. 2). It is 
possible that in some materials the failure commences at the boundary and at others in the crystal itself. 
Fig. 3 shows a 0°32 C. steel quenched from 880° C. ‘The crack in this case seems clearly to follow the 
boundary and suggests the probability of initial stresses existing in this boundary material. The 
specimens of this quenched steel gave erratic results which confirm the initial stress suggested. 


It has already been stated that it has been shown that discontinuities like holes, sharp corners, screw 
threads, key beds, and the like cause considerable concentrations of stress when the material is strained 
elastically. Nearly all materials, particularly the steels, show considerable plasticity before failure under 
static loads as evidenced by the elongation of the specimen, and the diminution in the ultimate strength 
due to sharp grooves or holes is practically negligible. When plastic materials fail under repeated stresses 
they—except in special cases to which we may be able to refer later—break exactly like the most brittle 
materials, and there is little or no evidence of plastic failure. Figs. 4 and 5 show two examples. At the 
same time there is indirect evidence that the plastic properties do operate in the neighbourhoods where stress 
concentrations occur. Specimens subjected to repeated stress in the laboratory, with small holes, grooves 
and other discontinuities should, according to the theory referred to, break under repeated stresses very 
much less than those which will break a more perfect specimen. Experiment shows that for plastic 
materials such discontinuities having small radii of curvature do make a difference in the safe range of 
stress but do not reduce the safe range to anything like the extent that elastic theory indicates. The 
author has shown that for moderately thin tubes of quite plastic materials, when the specimen is held in a 
collet the range of repetition stress may be reduced more than 50 per cent, due to a sudden discontinuity. 
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Solid specimens of 0°32 carbon normalised steel, however, having measurable scratches that according to 
the available theory should have diminished the range by 85 per cent. have been shown by 
Dr. W. N. Thomas to reduce the range only by 30 per cent. The author has carried out also many tests 
which confirm Thomas’ results for the plastic steels, but he has also shown that for very plastic material 
cold work can be done on the material by very small movements indeed and thus plasticity involving 
almost molecular movements appears to allow redistribution of stress—especially in those cases where only 
a shell of the specimen, as in the Wohler type of bending machine and in the torsion machine is subjected 
to the maximum stress—which diminish the concentrations of stress at the sharp corners. 


When the general form changes rapidly, as for example, when there is a change in diameter or a 
collet grips a specimen tightly, failure in mild steels may occur at a range of stress 50 per cent. (reckoned 
on the higher figure) less than the safe range of stress at more favourably situated sections, and in the 
case of certain spiral springs with surface defects subjected to torsional oscillations of stress, the fatigue 
range was reduced to one third of the safe range. Quenched and tempered 0:9 C. steel having a Brinell 
hardness of 890 broke at a coliet at one third the range of stress which did not cause fracture at a more 
favourably placed section. It may be that when elements are struck sharp blows, as conceivably may 
occur when an explosion occurs in a Diesel engine cylinder, when there is slack in reciprocating parts, 
or when revolving parts or belts are suddenly accelerated, the concentration of stress is much greater 
than when the load is applied in a cyclical manner. 


But even these results and considerations make it difficult to explain many cases of failure that 
occur in practice, where the calculated working stresses are very much less than those at which failures 
occur in the laboratory tests, and an explanation in these cases probably has to be sought, iter alia, in 
the combination of a number of conditions ; 


(1) Changes in form ; 
(2) Cracks or other discontinuities, mechanical or metallurgical ; 
(3) Gripping of wheels, cranks, collets, &c., at local points ; 
(4) Surface and inter-crystalline corrosions. 
The above all cause concentrations of stress. 


(5) Blows causing periodic stresses of magnitudes, which are uncertain ; 
(6) Initial stresses in the material. 


The brief survey covered by this introduction suggests the difficulties of the problem, and also 
indicates the very considerable amount of work yet to be done, which will require the combination of 
experience and careful observations in practice, together with precise experiments in the laboratory 
carried out in circumstances as accurately determined as possible, aiming not only at accumulating data, 
but wherever possible endeavouring to trace by all the aids that science can give the conditions and mode 
of failure. In the time at our disposal the author will only be able to refer very briefly to some of his 
own experiments, and must perforce neglect a great deal that has been done by others. 


WOHLER TYPE OF MACHINE FOR SIMPLE BENDING. 


The machines designed and used by the author are illustrated in the slides and in Fig. 6, which 
shows a photograph of a machine with a lever system and water tank for loading gradually. The load 
can either be applied directly or through the lever system. The load on the end of the lever can be 
applied in a number of ways. For some experiments the load was applied very gradually by allowing 
water to run into the tank carried by a spring balance, and to unload the water was run out 
of the tank. 

Various types of specimens have been used, solid and hollow. The results obtained depend to some 
extent upon the form of the specimen, but the variations are not great provided care is taken to ensure a 
good surface on the specimen and very gradual changes in form ; the fillets must be of large radius. We 
now use a copying device for preparing true specimens. 

The cycle of stress in the Wohler machine at each point of any section of the specimen is a sine 
curve, and the range of stress, assuming the ordinary theory of bending to hold, is between equal tension 
and compression. 


The questions are often asked :— 


(1) Is there a real fatigue limit, or in other words, is there a range of stress below which the 
material will withstand an infinite number of repetitions ? 


(2) How many repetitions must be applied before this fatigue range can be determined ? 
(3) Is the fatigue range related to any so-called fundamental property of the material ? 


(4) Can the fatigue range be determined by quick time experiments or must long time runs 
be carried out ? 


As will be seen from the discussion of the plotted curves the answers to Nos. (1) and (2) are not easy 
to give but for steels, such as are generally used for structures, engines and machines, it can safely be said 
that the results on this, and other types of machines, indicate that thousands of millions of repetitions can 
be run at ranges of stress differing only by a small percentage from those ranges of stress which will cause 
fracture at ten million repetitions. 


In Figs. 7 to 9 typical curves are plotted showing range of stress against the number of repetitions. 
The curves fall rapidly for numbers of repetitions less than 1,000,000 and then either become parallel to 
the axis of repetitions (i.e. time) or else fall so very gradually that hundreds'of millions of repetitions of 
stress can be run without fracture. In Figs. 10 to 12 the results are plotted in a different way. Vertical 
ordinates again show the range of stress but the horizontal ordinate is 


z=AN” 


where ” is arbitrarily taken as } and A is a constant. When N is infinite x is zero. So that if it be 
assumed that the points lie about one line AB, Fig. 12, the range of stress is given by the intercept 
of this line on the vertical axis through zero and the range of repetition stress for any number of 
repetitions N is 


s=r+o(y)t Jee ttnte, ORQUMETOS IRM Un Next seltl) energy 


where F is apparently the range for an infinite number of repetitions. 
The constant C varies with the material or with the heat treatment for any particular material. 


The author has shown, however (Fig. 12), that for a number of materials the line AB changes 
direction at a finite number of repetitions and the points then lie in another line which cuts the zero axis 
at C, Fig. 12, corresponding to an infinite number of repetitions at a stress higher than that at which AB 
cuts it. In other words formula (1) is only really true within some finite value for N. If there is not 
a real fatigue range, or in other words, a range of stress for which an infinite number of repetitions can be 
run, the line AB would have to change direction so as to cut the horizontal axis either at zero stress and 
infinite repetitions or at a finite number of repetitions. The latter would appear to be impossible as no 
range of stress could not apparently break the specimen in any finite number of repetitions. The real point 
then is at what range does a curve through the plotted points cut the vertical axis. For many steels and 
for hollow specimens this does not differ very appreciably from the stress at which the line AB cuts a 
vertical line corresponding to N being equal to somewhere between 10 and 16 millions. For solid 
specimens the value of N is probably a little higher. It will be seen that the slope of AB depends upon 
the material and the heat treatment to which it has been subjected. 


Another method of plotting is shown in Figs. 18 and 14; in curve No. 2, the log. of the stress 
range is plotted against the log. of N. The points lie about two straight lines, the lower one of 
which is parallel or nearly parallel to the axis of N. For mild steel and many other metals there does 
not seem much doubt that the line becomes parallel to the axis N, or as nearly parallel as can possibly be 
interpolated from experimental results, while for others, such as heavily cold-worked steel not heat 
treated, and for such alloys as duralumin, it may fall gradually, but 1,000 million repetitions can still 
be applied at a range of stress not very different from that for 20,000,000 repetitions. Generally 
speaking the range of stress for 10 to 20 million repetitions will give, sufficiently accurately for all 
practical purposes, what may be called the fatigue limit. 
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In regard to query No. 8, it has frequently been suggested, following Bauschinger, that the range 
of repetition stress must agree with the elastic range of the material. Load strain curves for a 
0°82 O steel, which had been heated at 850° C. for 72 hours (for a special purpose) indicated a range of 
proportionality in tension of 16 to 17 tons per square inch, and a proportional limit of 14°7 tons per square 
inch in compression. There was definite yield at 17°66 tons per square inch, and the ultimate stress was 
31°6 tons per square inch, A specimen ran 60 million repetitions at a range of stress of + 14°6 tons 
per square inch without fracture. In the Haigh machine, to be referred to later, a specimen broke after 
52°29 million repetitions at a range of stress of + 14°41 tons per square inch, so that the fatigue range 
was slighty lower than the apparent elastic range. It is of interest to note here that the fatigue ranges, 
as determined by the thermal method in the Haigh machine and the optical method in the Wéhler 
machine, were + 15°31 and + 14°32 tons per square inch respectively. 

For normalised steels Bauschinger’s law is approximately correct, and for this reason it has no doubt 
been rather uncritically accepted for other materials. 

Fig. 15 shows the load strain curve obtained from a specimen of arsenical copper having a breaking 
strength of 16°95 tons per square inch. 

On Fig. 15 are also indicated the limit of proportionality, the breaking strength and the safe range 
of repetition stress for more than 20 million repetitions. It will be seen that the safe range of repetition 
stress has in this case apparently no relationship whatever with the primitive elastic limit. Some alloy 
steels when heat treated in certain ways give primitive load strain curves that are only straight for very 
small proportions of their length, or in other words the so-called elastic limit appears to be very low. 
Tests on these steels show, however, that the range of repetition stress as carried out in the ordinary 
laboratory tests is not much affected by the form of the load strain diagram. 

The question immediately arises, “ How is it possible for a piece of material to go through cycles of 
repetition stresses at ranges which apparently give a permanent over-strain at each cycle?” The answer 
to such a question is perhaps two-fold: (1) Slips may take place in the material when it is first loaded 
which bring the material into such a condition that it becomes practically perfectly elastic within the 
range of the applied stress as shown by the line AB, Fig. 15. The load strain diagram for the first 
loading is not straight, but forms a large hysteresis loop and heating of the specimen takes place. If the 
range of stress is within certain limits, however, the hysteresis loop diminishes in area and finally the 
material settles down to a cyclical condition in which it is practically elastic throughout the range of 
stress, and no doubt practically follows Hooke’s Law. It is not really essential that the material should 
follow Hooke’s Law in a perfect manner, providing the hysteresis loop does not increase in magnitude, or 
in other words, the material may be elastic through a particular cycle, although it does not follow Hooke’s 
Law. It is perhaps worth while just staying here for a moment to suggest that there is a difference 
between the elastic range and a range within which the stress is proportional to the strain. 

That at certain ranges of stress a considerable amount of work can be done upon a specimen, that is, 
the load strain curves are hysteresis loops of considerable area is shown by spurts of heat that frequently 
accompany the application of certain ranges of stress. 

It is not infrequently noticed that with certain materials when loaded within certain ranges the 
specimen may become quite hot temporarily and then settles down to a temperature which may be equal 
to or slightly above the laboratory temperature. If the range of stress is above the safe range the 
specimen may become very hot and finally break. If, however, it is below the safe range and heating 
takes place the specimen will cool again. This phenomenon is markedly shown by pure nickel, cupro 
nickel and other copper alloys and alloys of steel containing considerable proportions of nickel. 

The alloy steel referred to in Fig. 18 when tested in the Haigh machine at a range of + 12°5 tons 
per square inch became so hot that a match could be lighted against the specimen, and after 19,600 
repetitions the specimen broke. 

A specimen of the same material was loaded in the Woéhler machine and the stress gradually 
increased until the temperature of the specimen became greater than 100° F. After a few thousand 
repetitions at this stress it, however, settled down to a steady state of temperature about equal to that of 
the Jaboratory and ran many millions of repetitions without fracture. Another specimen was loaded as 
shown in Table 1, the load being gradually increased as the specimen rapidly rotated. The specimen 
became quite hot at a range of stress of + 18°4 tons per square inch, but on taking off part of the load 
the temperature diminished and the specimen finally broke. 
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DETERMINING THE FATIGUE RANGE BY MEANS OF THE THERMO-COUPLE. 


The fact that a specimen subjected to repetition stresses becomes heated for certain ranges of stress 
has suggested the use of the thermo-couple as a means of determining the safe range of stress, but from 
what has just been said it is clear that it cannot be used for all types of materials. 

With normalised mild steel measurable heating of the specimen does occur at a range of stress very 
nearly equal to the safe range of stress, that is, for equal plus and minus stresses. For very many steels 
containing nickel and even for wrought iron, spurts of heat may occur at ranges of stress below the safe 
range, but the temperature reached in these spurts is much less than that reached at a range of stress 
higher than the safe range. 

It will be seen, therefore, that the thermo-couple method of determining the safe range of stress 
gives indications for certain materials which agree fairly well with those obtained from the long period 
te bok for many materials the method can only be used with very great care and with considerable 
risks of error. 


TABLE 1. 
Alloy Steel. d = 0°374. 
Wohler Machine. 
2,000 revolutions per minute. 


Range of stress. Repetitions. Remarks. 
+ 6°92 By. OL eT. 3,700 yer SRF FP, Unbroken. 
+ 880 9 cL Gee ty 3,100 Pa AE do. 
mt bhi fil EASA cay (Rie 5,600 eeshk Theos do. 
+ 10°40 8G HERthe-ahe 2,600 a tiner esate ste do. 
+ 11°10 pied dd Vb 2,100 ea) ceeaeshecet do. 
+ 11°80 vay Lacey ae 8,700 kaos <g dine do. 
+ 12°48 be fuel mult 1,800 add vd. trend do. 
+ 18°17 ia thes te as 5,400 eH awial 4 do. 
+ 13°87 meemh tastes AtSxd 1,200 rue. tins’. do. 
+ 14°56 cans «thee 1,800 aihsver bee do. 
+ 15°27 phewapee y | fees 1,000 ica aavestvi bg? do. 
+ 15°97 inks @exd 22,100 v8) Deanetnen do. 
+ 16°32 Tybrceshn Jes 14,000 ih, wh Beagherae’ do. 
+ 17°08 erred ot te 9,889,000 icauies Sh et do. 
+ 18°41 3 dace mene: 40,000 san 4a Bhs Getting hot, temperature 
rising. Load reduced. 
+ 17°03 Te tre 27,000 cs ie he i Specimen broke. 


THE HAIGH MACHINE. 


The machine designed by Dr. Haigh, and described by him on a number of occasions, is perhaps 
the me elegant and useful of all machines for work on repeated stresses. (The slides illustrate the 
machine, ) 

It has the advantage that any mean stress f,, can be initially applied to the specimen, and upon 
this can be superimposed any range of stress +- /, so that the maximum stress is /,, + / and the minimum 
fun —f. When f,, is zero the range is + for 2f. The results obtained at zero mean stress compare 
with those obtained from the Wohler machine, and particularly when the Wéhler specimen is hollow. 
For solid specimens of plastic material the results obtained from the Wéhler machine are about 5 per 
cent. higher than from the Haigh machine. For certain very plastic materials it is possible to obtain 
fatigue ranges from the Wohler machine much higher than from the Haigh machine by gradually 
raising the stress, as shown in Table 1. 

The plottings showing range of stress at any mean stress against the number of repetitions give 
curves (Fig. 14) exactly similar to those for zero mean stress. 
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The range of stress for various mean stresses can be shown in a number of ways. In Fig. 16 the 
results for an alloy steel (3°6 % Ni., °6 % Cr., see Fig. 21), having a breaking strength of 51°35 tons per square 
inch are shown, and in Tables 2-4 the results at various mean stresses for this ‘steel and two carbon steels 
are also shown. The points plotted in Fig. 16 are taken from the results given in Table 3. 

The two lines, Fig. 16, give the safe ranges for one million and for more than eight million 
repetitions. The line AB is drawn at 45 degrees to the axis so that for any point C on this line 
CD = AD =the mean stress. FG is the range for the mean CD. The range 8, can be expressed as 
S8, = A —B5,, where §,, is the mean stress and A and B constants. 

The results can also be plotted as in Fig. 17, in which the points lie about a straight line which cuts the 
axis of minimum stress at nearly 52 tons per square inch, and the equation to this line is 8, = 8, — CS,,. 


The constant C is 8 B: 


1 
S,. is the minimum stress, 8, the range at zero mean stress, and /, approximately the ordinary breaking 
stress. 
FACTOR OF SAFETY. 


It is interesting to consider the meaning of the term Factor of Safety in the light of the results shown 
in Fig. 16. Suppose an element is subjected to a range of i 5S, = km = ab = fg, Fig. 16. If the 


minimum stress is zero then km is the working range and be would appear to be the factor of safety. 
If ab is the same range, e,a the minimum stress and ee, the mean stress, then + is the factor of safety, 
or it may be that the minimum stress controls the factor of safety and it will then be fh The apparent 


ab 
factor of safety obtained by dividing the breaking strength by the maximum stress would be te 


Let 8, be the range of stress for zero mean stress, and f, the ultimate stress of the material, Then 


the range of stress 
ea (i-%) aed en tenth 
f 


1 
Let the working range be /,, then the factor of safety may be expressed as 


; s.(1-&) | ee Oe 


o 
or as an alternative it may be expressed as 
8 - cSa 
fh 


where c= 8, and §,, is the minimum stress 


S a 
or F=7( - =) re eed Pan ee 


Let S, be 31 tons per square inch, Figs. 16 and 17 and §,, zero; let | be 52 tons per square inch 
and f, = 20 tons per square inch. 


_— 


. = ch sh piesa apace a3 
Then from (4) [= ae - 0) Se OS im 

: x 44°25 1itwighene ath 
Again from (3) r= 50 (: -3)= 1'8, 7. Te 


x = 2 and the factor of safety obtained by dividing the ultimate by the maximum stress is oe = 2°6, 
a 


1 


Which of these is the real factor of safety it is impossible to say. 
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RAPID METHODS OF DETERMINING THE SAFE RANGE BY LOAD STRAIN DIAGRAMS. 


The author and other workers have attempted to obtain the safe range of repetition stress by taking 
load strain diagrams from materials under given cycles of stress. 

Fig. 6 shows one of the author’s Wohler machines fitted with a mirror on the end of the 
specimen, and also a mirror on the bearing through which the specimen is loaded. When a load is 
applied to the specimen it clearly bends and the mirrors rotate through a small angle. A spot of light 
from a pointolite lamp is reflected on a mirror fixed at a good many feet away from the machine back to 
the mirror on the specimen and then directly or from a second mirror into a fixed telescope. If the mirror 
on the specimen is finely adjusted, the spot of light, as the specimen is rotating, appears fixed on the 
cross hair of the telescope. If now the specimen is loaded a small deflection occurs, and the pointolite 
is moved by a micrometer, so as to bring the spot of light back again on the cross hair of the telescope. 
The movement of the micrometer is a measure of the deflection produced by the load. A load strain 
diagram can, therefore, be drawn similar to those obtained by loading a specimen in an ordinary loading 
machine and using an extensometer. A camera can be used to photograph the spot of light, Fig. 6, if 
needs be, but for a short specimen this is not accurate enough. 

In the Haigh machine two types of extensometers have been used by the author to obtain similar 
load strain diagrams. A mirror, Fig. 18, is rotated through a small angle by the extension of the 
specimen. A magnification of the spot of light is then either read on a ground scale some feet away 
from the machine or the pointolite light is adjusted so that it agrees with the cross hair of the telescope 
as in the Wéhler machine. 


Figs. 19 to 21 show load strain curves that have been obtained from the Woéhler machine and the 
Haigh machine respectively. The apparent limit of proportionality obtained from the inital load strain 
diagrams, Fig. 19, in which the range is equal plus minus value, agrees fairly well with the safe 
fatigue range as obtained from the long time tests. 

In Fig. 19 there appears to be an indication of fatigue range at first loading at about 15 tons 
per square inch. The specimen was now, however, gradually loaded while going through the cycles of 
stress. It will be seen that exactly as it is possible to raise the apparent limit of proportionality of a 
material subjected to tensile stress in a testing machine, the load strain curves of Fig. 19 show an apparent 
raising of the fatigue to 18 tons per square inch. The specimen was now allowed to run at this stress 
and it endured 31°595 million repetitions before fracture. A similar specimen was loaded directly to 
+ 18 tons per square inch and failed after 3,679,210 repetitions. A third specimen was then loaded to 
+15°10 tons per square inch ; this broke after 59°37 million repetitions. Fig. 20 shows results from a very 
mild steel. The limit of proportionality in a static test was 12°4 tons per square inch, and the ultimate 
stress 31°2 tons per square inch. The limit of proportionality was raised to 18°2 tons per square inch 
by subjecting the specimen to a stress range in the Haigh machine of + 20-4 tons per square inch. 
The ultimate stress was then 37 tons per square inch. Many other interesting results of this character 
could be given. 

Such a test shows how difficult it may be to say from the load strain diagram, at least for certain 
materials, what the fatigue range is, and it also shows how the apparent fatigue range may be raised. 

For wrought iron and some other materials the initial load strain curve nearly always contains little 
kinks which are rather deceiving and it is difficult to interpolate the safe range of stress. With quenched 
and tempered and with cold drawn materials that have not been heat treated, it is by no means easy to 
interpolate the safe range of stress from the load strain diagrams, 

The method can be used to obtain a probable indication but in any case it must be checked by long 
time runs. 

It has already been said that the Haigh machine can be used effectively for determining the range of 
stress for variable mean stresses. Fig. 21 shows load strain curves obtained from the Haigh machine at 
variable mean stresses. Nos. 1 and 2 refer to the same specimen; Nos. 3 and 4 were obtained from a 
first loading, and Nos. 5 and 6 from a second loading of a nickel chrome steel. No. 4 should be moved 
horizontally to come under No. 3. 

It will be seen that both from the maximum stress curves and the range curves there is a stress at 
which there is considerable deviation from the straight line, but as a matter of fact in this case it was not 
easy to interpolate the safe range of stress from the load strain diagram. 
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FATIGUE RANGE AND OTHER PROPERTIES. 


We are now in a position to give some answer to the questions, Nos. 8 and 4. It has been seen that 
the limit of proportionality as obtained by the ordinary tensile test does not, in general, give a very 
definite indication of the fatigue range and it would appear, therefore, that some other property of the 
material must be used as indicative of the probable safe range of stress for the material. Table 5 shows 
the results obtained from various steels and other materials. From these the fatigue range has a much 
more definite relationship to the ultimate strength than to the limit of proportionality of the material, and 
this appears to be true not only for equal plus and minus ranges of stress but for the range of stress also 
at other mean stresses. The ratio is by no means constant. The author has for many materials 
compared the properties, the hardness, limit of proportionality, density, &c., with the fatigue range. 

The range of stress at equal plus and minus stresses can be taken as equal to from 0°8 to 1 times 
the ultimate stress for nearly all steels. 

For an alloy steel heat treated so as to give a stress of 90 tons per square inch the total range for 
equal plus and minus stresses is likely to be of the order of 0°8 of the ultimate strength. When heat 
treated to give a stress of 60 tons per square inch the range of stress will probably be equal to the 
ultimate strength or even a little greater. For stecls containing a high percentage of nickel the ratio 
may be as low as 0-4, and for the alloys of copper containing small percentages of alloying materials the 
range may be as low as 0°6. 


THE EFFECT OF RAPID BLOWS ON SPECIMENS. 


It has been seen that ordinary laboratory tests for determining the safe range of stress, carried out 
so as to prevent as much as possible stresses due to vibration and impact, give for steels, ranges of stress 
very nearly equal to the ultimate strength. 

As already pointed out, the stresses that frequently cause fracture in practice are far less than these, 
and it would appear that stresses must be obtained due to sudden blows or other causes which ultimately 
cause fracture. On the assumption that a blow which strikes a supported beam is absorbed as elastic 
energy throughout the beam it is quite easy to calculate the stress produced. ‘The only difficulty is 
that the nature of the supports and other conditions no doubt determine the amount of energy that is 
absorbed by the beam. 

Using the Stanton machine the author has carried out very long time tests with repeated blows. 

There is no time to deal at any length with these tests, but Fig. 22 will, no doubt, be of interest as 
showing the type of result that is obtained. It will be seen that the curves are very similar to those that 
are obtained for cycles of stress applied in the ordinary repeated stress machine, that is, in this case, the 
height of the fall being plotted against the number of blows. On the assumption that the blow is 
dissipated elastically throughout the specimen the stress is clearly proportional to the height of the fall. 
It will appear from the figure that the difference between the grooved specimen and the ungrooved 
specimen is very marked, but calculations show that the stress produced by a blow that apparently does 
not produce fracture is of the same order as the range of stress for the cyclically applied stress. In 
the case of the grooved specimen the area that is resisting the bending moment is less than the area of 
the ungrooved specimen, and this must be taken into account when comparing the curves. It will be 
seen that for the standard grooved specimen more than *14 million repetitions applied at the rate of 110 
per minute have not caused fracture for a blow due to a fall of 5:5 lb. through 0°15 inches; whereas the 
weight falling from a height of 0°2 inch caused fracture in less than half a million repetitions. It would 
appear, therefore, that stresses of the same order as those that cause failure with cyclical stress will 
certainly cause fatigue to to take place, and the real difficulty would appear to be to form any estimate 
in practical cases as to the stresses that are actually produced in various parts of a structure or 
machine by blows. 


+THE EFFECT OF TEMPERATURE ON THE RANGE OF REPETITION STRESS. 


The author has shown in a number of published papers that the breaking strength of metals at 
temperatures varying from —80°C. to 800°C. depends upon the time taken to break a specimen. For 
steels the time effect is not very important for temperatures below 350°C., but beyond that temperature 
the phenomenon of creep (see paper by the author, ‘ Proceedings of the Institution of Mechanical 


* More than 20 million repetitions have now been applied. 
+ See “ Engineering,” October, 1924. Paper read at British Association Meeting at Toronto. 
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Engineers, 1924”) is important, and the stress to break a specimen at 500°C. in a very long time is only a 
small fraction of that which will break it in the time taken during an ordinary test. Various experiments 
have also shown that at a temperature of 500°C. a material has practically no Limit of Proportionality and 
that permanent set takes place even at very small stresses. 

The effect of repetition stresses is, however, very extraordinary, and emphasizes the importance of 
what might be called the time function in the failure of the material. 

Figs. 23 and 24 show the type of curves obtained at various temperatures when specimens are 
subjected to 2,000 repetitions per second in the Haigh machine. At this rate of repetition—the rate is of 
fundamental importance at high temperatures—the materials behave as though they were practically 
elastic, even up to temperatuers of over 700°C., and a very large number of repetitions can be applied 
before failure takes place at ranges of stress very much higher than the static stress which would 
eventually break the specimen. ‘The dotted lines on these curves indicate that the stress was raised 
during the test. 

Fig. 25 shows the results from three kinds of steels as compared with the static breaking strength of 
the materials when the static test is carried out at a comparatively rapid rate. Ourves 14, 2A and 8a 
show the half stress ranges for zero mean stress. Curve No. 7 shows what the author has called the 
limiting creep stress for the 0°14 carbon steel. In other words this curve shows the stress that may or 
may not just break the specimen in a very long time under static test. It will be seen that the range of 
repetition stress at 500°C. is more than seven times greater than the limiting creep stress. 


TORSIONAL REPETITION STRESSES. 


A number of types of machines have been developed for determining the range of repetition 
stresses under pure torsion. The author has two types. On plotting the number of repetitions against 
the range of stress, curves are obtained very similar to those for materials under normal ranges of stress. 
After a certain number of repetitions the curve becomes parallel or practically so to the axis of time. 

Torsion repetition machines, as a rule, are not so easily used as the bending type of machine. 
During the test a number of adjustments are required in order to keep the torque constant. 

The range of repetition stress for mild steel is about two thirds of the range of repetition stress 
under bending, and thus about two thirds of the breaking strength. For quenched and tempered 
steels, the range under torsion is not as a rule much greater than half the breaking strength in tension, 
and may be said to vary from 0°5 to 0°6 of the ultimate tensile strength. In general, it may be said that 
the range of repetition stress for steels under torsion for equal plus and minus stresses is from one half 
to two thirds of the ultimate tensile stress, except in the case of small steel springs, in which the range 
may not be more than ‘3 to ‘4 of the ultimate strength. Taking the ultimate strength of torsion as 
calculated from the ordinary formula, the total range for equal plus and minus stresses in torsion varies 
from about 0°5 to 0°7 of the ultimate stress. 

The range of repetition stress for variable mean stress can generally be expressed, at least for 
quenched and tempered material, by the formula 8, = A — B&,,, where 8, is equal to the range of 
stress, 5,, is equal to the mean stress and A and B are constants. 

When * plotted the curves are very similar to Fig. 16. The cusp of the curve, similar to the point 
B of Fig. 16, approximates to the tensile strength of the material. 


THE EFFECT OF REPEATED STRESSES UNDER COMBINED LOADINGS. 


In a paper recently read before the British Association (see “Engineering”, August, 1926) the 
author has shown that very large constant torsional stresses can be combined with repeated bending 
stresses without affecting the life of the specimen. 

In one of the author’s torsion machines it is possible to combine with the torsional repeated stresses 
a steady tensile stress. It is not possible, however, to deal in this paper with the details of this machine. 
The results obtained up to the present seem to confirm the results from the simpler types of machine and 
they show that the range of repetition stress, either tension or shear, is of more importance than the 
maximum principal stresses, provided that the range of stress on the plane of maximum hago stress is 
not greater than a certain amount. Time and space forbid further reference to this rather difficult but 
interesting part of the subject. 

In the Appendix are shown five tables. 


* See Proc. Inst. Aer, Engs. January, 1927. 
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TABLE OF Static PROPERTIES. 


STEEL LIMIT OF ULTIMATE STRESS | ULTIMATE STRESS) °/, ELONGATION 
i PROPORTIONALITY.| ON ORIGINAL AREA.| ON FINAL AREA. | ON TWO INCHES. 
| Tons per Square Inch. Tons per Square Inch. | Tons per Square Inch. 
8:2 34°75 51°35 93°7 15 
32.0 20°5 36°42 63°2 30°5 
14C 19°3 30°6 59°5 36°1 
AppEnDIx No, 1. 
ANALYSIS OF STEELS. 

Os My. Si. 5 Bs Ni. Cur. |Tungsten. |Vanadium. 
A 62 65 mL 0387 033 22 —_ — —_— 

“BD 52 13 “035 037 3 “75 _ — 
E 62 245 23 O57 “O19 “O17 8°52 17°84 “99 
Ki 65 *80 = = = = = oa = 
K2 BD = — = — 1:25 10 _ — 
K3 15 — — _ — 4°5 "25 —_— —_— 
K4 “BD — — _ — 3°25 6 —_— —_— 
K5 BD — — —_ _ 3°25 6 — — 
No. 1 14 0°68 19 “040 “O45 _ _ -= — 
No. 2 82 0°58 0°22 “052 “O49 —_— — a os 

\ 


UNEQUAL RANGE TESTS. 
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TABLE II. 


014 % ¢. 


MEAN STRESS. NO. MAX. TENSION. MINIMUM STRESS. RANGE. REVERSALS. 
10°00 i a LOT —) (053 18°94 628,000 
2 a ee LDS res 18°76 4,894,000 
— 20°05 ee Oo 20°10 832,000 
3 — 19:22 ares 18°44 10,439,000 
4 — 19°41 =) 10:59 18°82 1,825,000 
5 — 17°425 — 2°575 14°85 3,832,000 
=. 21:82 to) al-02 22°64 1,856,000 
6 — 19°41 come TUT 18°82 7,251,000 
12-00 1 mcere0ib9 at B81 17°38 4,463,000 
2 — 25°45 + UNC 26°90 40,000 
3 an telcs eer oe 18°36 2,762,000 
4 — 20°35 — 8°65 16°70 18,263,000 
15°06 1 — 2414 a ls 18°16 1,080,000 
2 pe epi IPs ote Say ti! 0) 16°12 38,000 
3 — 24°67 — 5:45 19°22 385,000 
+ —— 22a PE: 15°70 17,028,000 
5 — 23°05 a On 15°98 4,152,000 
6 a PAR — | (14 15°84 9,062,000 
18°00 1 — 27°20 ay Halt 18°40 766,000 
2 — (20°68 cmt S085 19°26 384,000 
— 29°50 =.) 1, S60 23°00 14,000 
3 — (20:20 map tebe 18°40 2,566,000 
4 et LANE. ii. Tao 17°92 3,191,000 
5 = 26°01 mee EO 'OD 14°02 29,000 
— 27:02 a (B08 18°04 362,000 
6 — (26.56 — 9°46 17°12 7,182,000 
25°60 1 — 80°49 — 2071 9°78 1,962,000 
2 re 29°61 — 21°59 8°02 6,768,000 
3 — 29:40 — 21°80 7°60 1,126,000 
29°20 1 — 30°68 — 27°72 2°96 8,321,000 
2 — $150 — 26°90 4°60 5,362,000 
3 — 82°49 ="F25°91 6°58 1,332,000 
0 1 yes Ofek + 16°41 32°88 7,196,000 
2 sae OL OAD + 19°99 38°38 611,000 
3 ak (210) <P LTeLy 34°20 8,307,000 
4 — 15:29 + 15:29 30°58 21,063,000 
5 ma ted | To) 30°62 17,537,000 
6°0 | ==) L901 citi es 13°00 402,000 
2 —7 L800 soot 8) 12°00 3,217,000 
3 = 1162 — 5302 12°60 9,061,000 
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TaBLE III. 
UNEQUAL RANGE TESTS. 
8 2. 

MEAN STRESS. NO MAX. COMP. MAX. TENSION. RANGE. REVERSALS. 

10 1 + 39°00 — 19:00 58°00 462,000 

2 + 87:01 = iigftthi 54°02 6,562,000 

3 + 87°59 = (7:59 55°18 2,886,000 

4 + 36°82 = igae 53°64 12,196,000 

MAX. TENSION. MIN. STRESS. 

15°06 1 — 33°46 + 8°34 36°80 2,128,000 

2 — 32:28 + 216 84°44 8,386,000 

— 33:30 + $18 36°48 1,144,000 

3 — $2°70 + 2°58 35°28 4,334,000 

4 — $261 + 2°49 35°10 8,002,000 

18°00 1 = S51 + 119 33°62 26,943,000 

2 — 85°42 = 40:58 36°00 1,632,000 

3 — 36°58 + 0°58 37°16 1,006,000 

4 — 34°80 = ib yy 33°60 3,126,000 

5 — 35°19 — | 0:81 34°38 8,172,000 

20°00 1 — 36°80 =) as20 33°60 2,492,000 

2 shit e729 31°42 4,398,000 

3 — 84:60 1 1D:40 29°20 5,644,000 

4 — 33:00 =) 17:00 26°00 8,212,500 

5 — 33°51 — 6°49 27°02 6,916,000 

6 see a ber 25°44 9,872,000 

25°00 1 — 39°61 — 10°39 29°22 386,000 

2 — 36°505 — 18°495 23°01 2,426,000 

3 — 34:39 — 15°61 18°78 8,142,000 

4 — 34°61 — 15°39 19°22 3,638,000 

30°00 1 — 45°20 — 14°80 30°40 1,162,000 

2g = Bay! — 22°96 14:08 3,446,000 

— 41:00 — 19:00 22°00 4,012,000 

3 = RA = behip 15°74 26,286,000 

== AN50 — 18°50 23°00 3,186,000 

— 42°50 — 17°50 25°00 138,000 

4 — 41°45 — 18°55 22°90 7,182,000 

5 = 41:78 — 18:29 23°56 9,846,000 

3420 1 — 47°38 Se Sik 26°36 96,000 

2 — 48°41 — 24:99 18°42 1,112,000 

3 ead 75 — 26°62 15°16 4,736,000 

4 == bal — 25°79 16°82 3,596,000 

5 — 41°39 Sal 14°58 9,292,000 

42°10 1 — 48°35 — 85°85 12°50 732,000 

[htiss . 2 — 46°61 — 37°59 9°02 4,762,000 

3 — 46°89 — 87°31 9°58 2,312,000 
SR i,t 4 = 4610 es O 8:00 7,856,000 | 

FLU ning | 5 — 46°32 — 37°88 844 10,912,000 
7 0 ae | == O56 + 25°62 51°24 706,000 

2 — 94°51 4+ 24°51 49°02 2,910,000 

3 — 2B + 93:9 4674 7,993,000 


a ee UE UES EINES ESE SRE EIERSEERREESEIRREEE EEE 
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TaBLE IV. 
UNEQUAL RANGE TESTS. 

0°32 % C. 
MEAN STRESS. NO. MAX. TENSION. MIN. STRESS. RANGE. REVERSALS. 
10°00 1 — 2400 + 4:00 28°00 36,000 
2 — 22°88 + (2°88 25°76 50,000 
3 — 20°00 0 20°00 206,000 
— Say + 1°87 23°74 328,000 
4 —) 19:47 — [0°58 18°94 814-000 
2 920'87 + (0°87 21°74 2,292,000 
t—/ )'99°89 + 2°89 25°78 76,000 
5 =) 20°40 + 0°40 20°80 1,112,000 
6 — 19:00 — 1°00 18°00 7,632,000 
19591 + 0°09 20°00 4,121,000 
7 we tials + O15 20°30 9,092,000 
12°00. 1 == 9 33°51. — (0°49 23°02 282,000 
2 — 99-54 — 2946 21°08 172,000 
3 a 9O75 ca NSD 5 17°50 11,672,000 
= 91°60 — | 140 19°20 338°000 
Ee 23'00 — |) 41°00 22°00 826,000 
92-50 + 0°50 25°00 36-000 
4 26°92 — 045-08 17°84 6,132,000 
15°06 1 ae As)? = 7 '95°98 18°04 2,710,000 
2 eal — | 13:49 23°02 662,000 
2 25°15 — 97 20°18 2,444,000 
3 — 24°67 — 5:45 19°22 4,670,000 
4 e938 — Nest 17°50 9,371,000 
5 = prenat — 95°61 18°90 1,262,000 
18°00 1 = | 98°58 = Taz 21-06 640,000 
2 2 18°40 — + 18°80 9°60 476,000 
— 29°00 == 7-00 22-00 194,000 
3 Sy FRBP <a) MB‘ES 18°64 1,756,000 
4 = 97°50 = 850 19°00 5,691,000 
5 2720 =— * "3:80 18°40 10,293,000 
24°80 1 = $610 = 19:50 12°60 4,642,000 
2 — 32°75 = d6'e 7:95 1,091,000 
3 — 30°50 =. * 19°10 5°70 7,712,000 
4 — 30°92 — 18°68 6°12 9,692,000 
31°60 1 — 34°50 Se 5°80 431,000 
2 ede oe =) S041 2°38 3,499,000 
3  $2-41 SoM ye 1°62 2,292,000 
4 i 32-10 =" S110 1:00 11,296,000 
22°00 1 - 29:50 = 14°50 15°00 8,063,000 
2 —, 81°30 Se ie 70 18°60 961,000 
6:00 1 ee TE Ee orod 25°22 2,107,000 
2 = 10°40 ee an AG 26°80 117°000 
0 1 L787 bose 287 34°74 1,701,000 
2 — -19°01 OMG yh 38°02 536,000 
3 S-415°19 al eS hab 36°24. 1,211,000 
4 — 16°88 + 16°88 33°76 21,376,000 


TABLE V. 
SAFE RANGE OF STRESS FOR MORE THAN 10 MILLION CYCLES 
AND EQUAL + STRESSES. 
MATERIAL, HEAT TREATMENT. stn oir TOR 10 "TONS Binge To 
SQ. INCH. PER SQ. INCH. ULTIMATE. 
14.0. Nor. (Solid) 30°6 +15 to+ 16 1 say 
82 C, a # 36°42 +17 to+ 18 1 es 
14 C, No Heat Treatment 27°98 +14 to+ 145 1 a 
from 2 inch bar 
14 C. Heat at 850° C. 36 hrs. 26°45 + 14 EWA 
14 C, Heated at 1100° C. 1 hr. 23°99 + 12°7 to + 13°5 106i ),, 
32 0. 2 * 28°40 + 125 to 18 ‘93, 
32 Heated at 850° for 36 32°01 + 15 508 | ss 
4 peatet 48°D + 218 88 ,, 
"32 89°9 + 87-1 82 ,, 
Alloy Steel Quenched and Tempered 90 + 87 282) 
es 3 oF 70 + 34 teh ere 
* " a 60 + 30 ae 
Muntz Metal — 31°76 + 15 “9b. 
* Cupro-Nickel ” — 16 + 5:1 sO ouree 
Arsenical Copper _— 14°8 + 51 ‘oGe, 
Rustless Steel — 54 fe abl *AQie. 
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DISCUSSION ON PROFESSOR F. C. LEA’S PAPER 


ON 


“THE BEHAVIOUR OF METALS UNDER REPEATED STRESSES,” 


Str GrorGe Hiaains. 


Dr. Laws and Sir Westcott Abell both thanked Dr. Lea before he began his address to us to-night, 
and I am quite sure that it will be your wish on behalf of the Staff Association that I should extend to 
him a very grateful vote of thanks for the interesting lecture he has given to us. I am afraid a great 
deal of it was too technical for myself, but you gentlemen who are used to dealing with these matters I 
know will have learned a great deal from what Dr. Lea has said, and on your behalf I thank him very 
sincerely for coming here to-night and giving us such a very interesting lecture. Dr. Lea, I thank 
you very much. 


Tur PRESIDENT. 


I am sure we have listened to a very interesting dissertation on this intricate subject, which, if we 
might judge by the diagrams, the slides, and so on, seems to be very simple, but I should think from 
what Dr. Lea has just said with regard to the number of nights and days during which some of these 
specimens have been subjected to repeated blows, it is a very arduous task indeed to carry out experiments 
on material subject to repeated stresses. 

Professor Lea informs me he will be very glad indeed for any of those present to ask any questions 
or to criticise any part of the paper. and, so far as time will permit, he will endeavour to give an answer 
to the questions asked. 


Proressor CURNOCK. 


I have come here chiefly, I think, for information. With reference to the paper on page 8, regarding 
the effect of blows and so on, I should like to ask Professor Lea if he has done anything in the way of 
drilling small holes through the test piece at the critical section ? 

The repeat impact tests for alternating stress are very interesting. In my own case we have students 
whose time is very fimited, and we could not possibly afford to carry out a test lasting 158 days, and we 
have been taking a load deflection diagram with a Wéhler machine and finding the point where the line 
connecting load-deflection departs from its initial slope or shows a break and accepting that as more or less 
the limit of thejrange of the stress, As a matter of fact this has been recommended by the National 
Physical Laboratory, and they undertake fatigue tests based on this. But I must say we have had some 
doubt about it, for on taking a lower load than given with that test and running for about 1} million 
cycles, it has then failed. Ido not know if Dr. Lea is acquainted with the new Avery machine which 
gives a scale of ;525y of an inch and is much handier than the mirror. 

Another point. For mild steel it seems that the range of stress for equal tension and compression 
equals the ultimate stress on an ordinary static test. Table 5 supports that very clearly. I think it 
would be of great assistance if in connection with Table 5 he had given, in addition, the limit of 
proportionality fer comparison, although he said the limit of proportionality was not a guide. 

Suppose you run at a fatigue range of plus and minus 12 tons per square inch, and after 5 million 
reversals find it does not break ; then raise to 15 and ultimately to 18, and it then breaks. Does he think 
that having run it initially at 12 and then at 15 tons per square inch would have affected the result ? 

In conclusion I should like to thank Dr. Lea very much for the paper, for we have not all got the 
time to deal with this work in the thorough manner he has done and it helps very much to have it 
placed before us. 
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Prorrssor LAMB. 


I should like to preface my short remarks with an expression of thanks to you for your invitation to 
me to be here this evening, and to say how much I have appreciated hearing Dr. Lea’s admirable lecture. 
1 have been particularly pleased because I was hearing him lecture for the first time. 1 envy him as a 
Professor at one of our great provincial Universities, where he has the time to devote to such valuable 
and extensive experimental work. 

I am not a worker in this special branch, but it is our duty as Professors to think about such 
matters and I am going to put in a few remarks about points which have occurred to me during the 
lecture. 

The point Professor Lea has mentioned about the initial slip not adversely affecting the ultimate 

. behaviour, but apparently increasing the performance, is very interesting. This fact is closely related to 
what happens in cutting the corner of a piece of Iceland spar, for where the material is sheared it is as 
good as before the operation. 

I always tell my students that when you have metal under stress youare dealing with a pudding, and 
there are an enormous number of factors to consider in trying to account for the behaviour. In the 
pudding Professor Lea has shown us a crack running through both crystals and boundaries apparently not 
taking any notice of the configuration of the structure, and then another crack following the boundaries. 
I rather think the latter state of things was the state which Dr. Rosenhaim considers of importance. 
According to his theory—I think—a characteristic of the difference between a fatigue crack and a crack 
caused by steady stress is that a fatigue crack runs along the boundaries. 

As regards some of the tests which Dr. Lea has shown on the screen, they certainly appear to indicate 
the true fatigue limit. In view of the fact that the modern motor car or aeroplane engine applies millions 
of reversals of stress in the course of its life, there must be a fatigue limit, and it looks as if they have 
come very close to discovering it in the laboratory. 

As regards the relation of fatigue tests to statical load tests, the whole matter is very difficult, 
because under alternating stress loading other properties of the material are brought into play affecting 
its behaviour which are not active in the ordinary statical test. 

I should like to ask Dr. Lea this regarding the pieces that have shewn hardening after initial 
stressing and after initial slip—does annealing at low temperatures (say 100°C.) bring the material back 
to its original state? As regards the internal mechanism of the material and the way in which that 
hardening is produced, one is rather inclined to think that it has a connection with what happens in the 
method by which Professor Carpenter has caused the growth of crystals of aluminium. 


Of course, when these tests can be applied to iron, copper, nickel, aluminium, &c., on test bars which 
are composed of single crystals, we shall get a great deal further with the story. 

In the course of my reflections on this subject I found it was interesting to apply a piece of simple 
mathematical reasoning to the behaviour of a test bar. When the bar is subjected to rapid reversals 
there is no doubt some dissipation of energy going on, and one can assume that the stress is proportional 
to the static elastic constant of the material and also to the rate at which the strain takes place. On 
these assumptions we find that the rate at which energy is dissipated in the specimen is a function of the 
applied stress range and the rate of repetition ; and it settles down to a constant value when the rate of 
reversal is made very great. Farther, since energy is being dissipated by producing heat inside the 
material, it is being produced at practically a uniform rate throughout the volume, and from that it is 
possible to make an estimate of the way in which the temperature varies from the axis to the surface of a 
cylindrical test piece, and it would be interesting to know if the fracture has any marked difference in 
appearance near the axis which could be attributed to temperature effects. 


Mr. 8. F. Dorey. 


I should like to join in thanking Professor Lea for his interesting paper which will make a valuable 
addition to the transactions of our Staff Association. I am sure we feel much indebted to him for coming 
here this evening and lecturing on a subject which has received increased attention during recent years. 

Undoubtedly the enormous progress made in aeronautics during the late War called for a careful 
investigation of the properties of materials and a revision of factors of safety to meet the increasing demand 
for lightness of construction. 
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Previous to the War little attention was paid to the importance of a fatigue test on materials required 
for engineering structures which in actual working conditions suffered repetitions of stress. To a certain 
extent this still applies in many cases; at the same time it is not suggested that a fatigue test is 
absolutely necessary in all cases, but it is considered that the fatigue properties of a material should 
be appreciated. 

The ordinary method of calculating stresses in many structures makes no allowance for stress concen- 
trations and Professor Lea’s remarks on the effect of discontinuities are particularly interesting. There is, 
however, much satisfaction in knowing that the actual effects are not so serious as the mathematical theory 
would tend to indicate. 

It might be added that so far as marine engine shafting is concerned due allowance appears to 
have been made by fixing the minimum radius of fillet at shaft couplings, yet little attention has been 
given to the radius of the fillet at crank webs of solid forged shafts where the effect of complex stresses 
is much more serious. If such cases were thoroughly investigated there is no doubt that the working 
stresses still generally adopted might be increased with advantage. 

With regard to the difference in fatigue limits as given by the Wohler and Haigh machines, it is noted 
that this is of the order of 5 per cent. for plastic materials, and I should be glad to know if this figure may 
be accepted for the harder steels as well as mild steel. It would appear that the more plastic a material is, 
the greater the discrepancy between the results given by the Wohler and Haigh machines. May not this 
be due to the fact that the calculated stress, using the Wéhler machine, is greater than the outer fibres of 
the test piece are actually stressed, but that more of the material is carrying the maximum stress. 

This would rather point to the fact that the Wohler fatigue ranges are not so reliable as those given 
by the Haigh machine. 

The fact that torsion repetition machines are not so easily used as the bending and direct type of 
machine no doubt accounts for the paucity of information regarding torsional fatigue ranges for various 
mean stresses, yet it cannot be denied that such information is of much importance to the designer of 
crank and straight shafting. 

Experiments carried out by McAdam in America on heat treated steels show that there is little 
variation in the safe fatigue range for various mean stresses where the maximum stress varies in value 
from the fatigue limit for completely reversed stresses to the proportional elastic limit. May this be taken 
as true for mild steels. 

Now-a-days one does not hear quite so much of failures of teeth in turbine reduction gears as was 
the case some few years back. In this connection, however, figure 22 and the section dealing with the 
effects of rapid blows on specimens have particular value. 

With regard to Dr. Lea’s experiments on the effect of a repeated tensile stress combined with a 
constant torsional stress, I shall be glad to be informed whether this torsional stress was appreciably above 
the statical yield stress, if there were any difficulty in maintaining this steady torsional stress, and whether 
the number of repetitions for failure were considered sufficient to give satisfactory results. It is noted 
that the machine used in these experiments can be adopted for testing model crankshafts. It is 
appreciated that great difficulties must necessarily be overcome before reliable results can be obtained, but 
the value of such information cannot be over estimated. 


Mr. J. Morris 


I should like to ask Professor Lea one or two questions about his paper. Personally I have done a 
very considerable amount of work on the mathematical side (vibration) and I do not know very much 
about the “failure” side. I merely calculate at what speeds they should fail. 

How could one devise or determine the best dimensions to choose? I should like to ask, in 
carrying out these tests in connection with these various machines, how he determined exactly what the 
stress on the test piece is, It is not the applied stress, it is a sort of induced stress. There should be 
induced in the piece tested a stress dependent on several factors ; so it comes about that quite a simple 
stress of a particular speed may cause failure, and vice versa, a much greater stress at a particular speed 
may not cause failure. I should like to be clear as to how the actual stresses that cause failure are 
determined. 
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There was a case of an aeroplane engine, of about 450 h.p. running at 2,200 revolutions ; unfortu- 
nately in the design they managed to run it to a critical speed, that is to say their top running speed 
happened to be this critical speed. This shaft went in three hours—a shaft which might have lasted 
indefinitely if it had been weaker. Another point about this shaft—the fracture was clean, right across 
the shaft, and (that rather puzzled us) there seemed to be very little heat in it. Running at that 
critical speed we tried to get the H.P. lost, and found it was about 10 per cent. as far as we could make 
it, but it is very difficult to rely on that. 

The principal thing that I wish to know is how he estimates the actual stress operating on his test 
pieces in order to be able to arrive at those particular curves he has shown us, which are going to be of 
extreme value in nautical engineering. 


Mr. G. R. Epaar. 


On the subject of repeated stress, the Association is fortunate in receiving a lecture from Professor 
Lea who is an acknowledged authority. 

Though with regard to the parts of machinery there is not scope for doubt as to the applicability of 
the results of repeated stress experiments, there is with regard to the hull structure a belief that such 
results are inapplicable owing to the rate and discontinuous nature of the repetitions, at least this would 
appear to be the basis of reasoning. An average rate of repetition seems to be about 8 per minute, but 
may reach the region of 20 or more, and may fall as low as one, or less than one, per minute. The 
number of repetitions continuously imposed is a variable quantity of course dependent on the weather 
conditions, but length of voyage gives scope for a few hundred thousand. Before the next series of 
repetitions is endured comes another undefined interval, the period in port, and it is held that by virtue 
of this “‘ rest” the material can start afresh on the next series of repetitions, so that, owing to the limited 
nature of a single voyage and consequently of the number of continuous repetitions, the material can be 
considered as never subjected to more than a certain number of repetitions. If the range should exceed 
the safe range (under practically indefinite repetition) for any mean stress occurring, then it does not 
appear that there is experimental evidence to support this view, though a range less than the safe range 
would, of course, still be safe if the repetitions were not imposed continuously. I should, however, be 
indebted if Professor Lea would state whether this “ rest,” during which, of course, variation in stress is 
lessened but stress itself not removed, could, in the light of experimental result be regarded as adequate 
reason for considering the continuous number of repetitions as limited to those on one voyage. 

With reference to the drawing out exhibited in an ordinary tensile fracture, and the lack of drawing 
out shown in fracture under repeated reversal of stress, does the Author mean that in the latter case no 
extension of any kind occurs. Is it not rather that similar action takes place in both cases, but that in 
the case of reversal of stress the drawing out takes place within the mass of the material, some crystals 
elongating in one direction and some in the other, so that there is no cumulative visible stretch one way 
as in the case of an ordinary tensile fracture ? If the mean stress of a cycle be considered to increase 
from the zero value at reversal of stress, so that the repetitions become less and less of a reversed nature, 
does not the drawing out characteristic in turn become more prominent? This would seem to be partially 
referred to by Professor Lea in mentioning the effect of the plastic properties of the material as giving 
relief from the effects of high stresses due to discontinuities. He says that for plastic material they (the 
discontinuities) do make a difference in the safe range of stress, “ but do not reduce the safe range to 
anything like the extent that elastic theory indicates.” Does not the degree of plasticity, that is relatively 
low yield point—if it can be expressed thus—modify the effect of the high stress due to a discontinuity ? 
The experiments of Wilson and Haigh (Brit. Ass. 1922), indicated such a result for unidirectional stress, 
but are experimental results available for reversal of stress ? 

It is interesting to hear it stated that it is not really essential that the material should follow 
Hooke’s Law in a perfect manner, that is to say, the elasticity could be such as is consistent with elastic 
hysteresis and provided the hysteresis loop does not increase with repeated cycles of stress. 


Would the Author kindly explain a little further regarding the factor of safety as expressed by BS on 


page 7, that is the ratio of the ultimate stress to the maximum stress in the cycle considered. " As 
repetition of stress is being dealt with, then this reserve of safety should be available under repetitions of 
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stress cycle, in which the maximum stress might be greater than in the one considered. It appears from 
Fig. 16, that there are definite limits to the safe maximum stress in any cycle, the range remaining the 


same, and therefore es cannot represent anything which could be translated into actuality in case 
of need. Thus it would seem, that although exactly which is the true factor of safety of those considered 
on page 7 may be difficult of definition, it could not be os though it is commonly expressed thus. It 
may be that the margin of a few repetitions might be afforded, but it would appear rather a hazardous 
than a safe margin. 


May I express my appreciation of Professor Lea’s paper. 


Tuk PRESIDENT. 


Apparently what has been indulged in up to the present in the shape of discussion has referred 
more or less to simple structures. I have wondered, on glancing over the paper, what effect these 
experiments are likely to produce with regard to the design of complex structures. By complex I mean 
structures such as bridges, and more particularly ships, which are built up of parts riveted or bolted 
together. 


With regard to ships, for example, we are accustomed in design to use a factor of safety of something 
of the order of 5 for ordinary designs. It would seem from what is contained in the paper that the 
results of repeated stresses on materials would allow us to take a factor of safety very much less than 5, 
but then that is on the simple material. What effect would it have on the complex structure? Could 
we go below 5 for a structure such as a ship, which has to withstand abnormal forces frequently at sea, 
as a result of which many hundreds of millions of pulsations producing negative and positive stresses are 
set up in the life of the vessel. 


REPLY BY THE AUTHOR. 


I should like to thank Sir Westcott Abell and Sir George Higgins for their kind welcome and for 
the thanks which they have expressed. It is a source of gratification to a lecturer to be honoured by 
the presence of distinguished men of action, and I appreciate very much their kindness in being here 
to-night. 

Professor Curnock refers to one or two points which are of importance. In connection with 
Table 5 the Limits of Proportionality were not given, as the ratio of the Limit of Proportionality to 
Fatigue Range does not give anything that is very satisfactory. In connection with certain torsional 
experiments on springs, the Fatigue Range seems well below what may be taken as the Limit of Pro- 
portionality from the load-strain diagrams. With regard to Professor Curnock’s query, I do not think 
there is any doubt that with certain plastic materials running at stresses below the Fatigue Range does 
raise the apparent Fatigue Range. In other words, running at 12 and 15 tons per square inch 
respectively may have raised the range of Repetition Stress of the particular specimen to which he 
refers. 


With regard to Professor Lamb’s query as to whether heating at 100° C. will affect the hardening 
that has been produced by repeated stresses, 1 am not able to give any very definite answer to this 
question. 

Mr. Dorey refers to certain work of McAdam in connection with heat-treated steels, and asks if the 
results obtained by McAdam apply to mild steels. Ido not quite appreciate the point of Mr. Dorey’s 
question. The Fatigue Limit in any one direction for complete reversed stress for mild steel is practi- 
cally equal to the proportional Elastic Limit. As the maximum stress is raised the Fatigue Range 
diminishes, the curve obtained being very similar to those of Fig. 16, except that the lower curve is 
convex downwards, while the upper curve is generally convex upwards. With respect to the torsional 
stress superimposed upon a repeated bending stress, the results clearly show that if the applied torsional 
stress exceeds considerably the Limit of Proportionality of the material then the safe range of bending 
stress is considerably diminished. 
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With'regard to Mr. Edgar’s question as to whether periods of rest affect the range of repetition 
stress, it is not easy to be explicit. If the repeated stresses vary in magnitude, and the maximum 
repeated stress only comes on at infrequent intervals, then I am inclined to think that the range of 
repetition stress is altered by the repeated application of stresses below the Fatigue Range, and that 
periods of rest probably help to a permanent configuration of the structure. If, however, the repetition 
stresses are above certain magnitudes it appears to be doubtful whether rest has any good effect upon the 
material. Mr, Edgar makes a very interesting suggestion as to why a piece of material does show visible 
stretch. It would appear that the reason why discontinuities in plastic materials do not affect the range 
of repetition stress as much as in the harder materials must be due to some movements that actually 
take place at the discontinuities. These movements must be sufficient to allow redistribution of stress. 
They are, however, very small in magnitude, as it is difficult to observe them. If an impressed stress is 
equal in both directions, it is difficult to see why there should be any elongation. This, as Mr. Edgar . 
suggests, does not prevent, however, smaller movements on certain crystal planes in opposite directions 
which neutralise each other as far as the external measurements are concerned; the movements are 
clearly very small. 


The question of the factor of safety is an interesting one, but, as suggested in the paper, can be 
looked at from many points of view. The ratio ae is generally, 1 think, taken by designers as the 


factor of safety. In other words, they take the ultimate strength and divide by the maximum stress in 
the particular direction. I quite agree with Mr. Edgar that there seems little justification for the 
assumption. 


In reply to Mr Morris, I only have to say that the stresses operating in any particular test piece are 
obtained on the assumption that the elastic theory holds. The bending moment and the twisting 
moment are known from the external conditions, and the stresses are estimated in the ordinary way. At 
present it is almost impossible to adopt any other course. With respect to stress and speed, I think Mr. 
Morris confuses two points. On the elastic theory the stress is proportional to the strain. If 
synchronism produces an excessive strain the stress will be excessive. In our tests in the laboratory 
we do our very best to eliminate any possibility of what may be called synchronising strain. 


There are on page 7 of the paper typographical errors ; the author is glad of this opportunity of 
drawing attention to them. 


(1) Line 12 for mean read minimum. 
(2) Line 20 for 8, read §,. 
(3) Equations (2) and (8) read 8, for 8. 


SOME NOTES ON THE SURVEY OF DINSEL ENGINES. 


By R. LEE ANNEAR, 


READ 5rH Aprin, 1927. 


The marine Diesel engine which first entered the Society’s Register Book in 1910, is one of the 
important factors in the new tonnage building. 

From being a rather well-proved experimental engine it has progressed until it is now considered to 
be both reliable and efficient. 

[In the hands of competent men it is expected to operate for similar periods between overhauls to 
other established prime-movers. The cost of repairs, relatively to the total running costs, need 
not be high. General experience with internal combustion engines is increasing. 

Some years ago on the occasion of his first examination of a Diesel installation the Surveyor felt 
obliged, when called to make an inspection in the event of a breakdown, to recommend that everything 
should be exposed, as his lack of experience led him to fear lest some unseen fault might remain 
undetected and cause disaster. Parts, which might have been repaired, were renewed and the consequent 
replacement of spare gear were more frequent than would now be considered necessary. There is, in fact, 
a growing appreciation of what constitutes a necessary and sufficient repair, and to what extent an 
engine requires to be opened out and to be adjusted on such an occasion. 

For some time these engines were examined annually and the portents were noted which foretold 
trouble to various parts of the installation with the result that early measures could be taken 
for their rectification. 

By improving designs, eliminating errors and strengthening weak parts a stage was reached when it 
was considered safe to make the survey biennial. An intermediate survey at two years and a complete 
survey at four years were introduced. At the intermediate survey the Surveyor’s discretion determines to 
what extent, beyond certain requirements specified in the rules, the machinery should be opened out 
for examination. 

In considering the modifications of the rules since 1910, it is evident that few hampering restrictions 
have been considered necessary, and that the pioneers of the Diesel marine engine deserve great credit for 
their initial work of design and control. To-day the motorship can navigate any trade route with the 
certainty that most repairs can be efficiently effected at the ports of call, and that most repairers know 
something of the requirements of the Diesel motor, 


CONSTRUCTION. 


The materials used in the construction of the Diesel engine are carefully selected and subjected to 
rigid tests. The workmanship is of a high grade and exact precision is exercised in the fitting work. 

The engine is subjected to test-bed trials when the valves are adjusted to the positions which give 
the correct power distribution with the maximum fuel economy. 

The oil pressure lines, the cooling lines, and the air lines are ascertained to be in order. The relief 
valves are adjusted and the explosion discs, if any, are fitted on the pressure lines. The lubricating 
system is given close attention and the pumps are run distributing the oil throughout the lubrication 
circuit for some time before the engine is started to make sure that no air-locks or choking of the passages 
will occur. This test bed tria! has the effect of giving the engine a thorough cleansing and removes all the 
grit, pieces of waste or other detritus that even the greatest care on the part of the erecters cannot prevent, 
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In many cases the engine is lifted in one piece and put on to the bed, built in the vessel, where it is 
adjusted accurately in line with the shafting by means of metal chocks, bolted to the seating with cast 
iron stoppers at the corners of the bedplate. 

The engine is again tested after being coupled while the vessel is moored. All the auxiliaries are 
operated and the final adjustments are made. It is then subjected to a full-power trial at sea 
for determining the speed of the vessel. 

After all this testing it can be understood that the Surveyor, who has had the opportunity of 
attending the construction and installation, has confidence when issuing his report that, so far as 
materials and workmanship are concerned, the engine is entitled to classification as being in good order 
and safe working condition. 

The subsequent service depends on the maintenance of the machinery by the Shipowners and 
Engineers in the same good order that the motors were in at the time of their final trials. 


OPERATION. 


It is interesting to note, in this connection, what Mr. C. Zulver of the Anglo-Saxon Petroleum Co., 
Ld., reported to the Institute of Marine Engineers in 1913. Speaking of the “ Vuleanus” which started 
running in 1910 he stated that trouble was experienced in the following :— 


1. The cooling water pumps were inadequate. 
IT. The air compressors broke down several times. 
Ill. The brick-lining of the exhaust pipe collapsed. 
IV. A crankshaft bottom-end bolt broke, slightly bending the crankshaft. 
V. Owing to a cracked internal drain pipe, water accumulated in one of the blast air 
bottles resulting in an explosion, when the welding of the bottle gave way. 


This series of events modified the design of Diesel engines, and is typical of the experiences upon 
which the Society’s rules have been based and modified. 

If to the list of parts affected by the trouble experienced on the ‘ Vulcanus” was added “ the 
lubricating system,” this list would contain the principal points requiring the attention of the Surveyor 
when something amiss is reported on a Diesel installation. 


CYLINDERS. 


On the “ Vulcanus” the cylinder liners, concerning which many engineers had fears, proved to be 
generally fit for the work demanded of them. 

Mr. Zulver gave the amount of wear after about twelve month’s service, the maximum being 
‘8 millimetre on the diameter of 400 millimetres. 

To the good mixture of cast iron, the careful attention to Inbrication and the care exercised in the 
distribution of power to each cylinder may be attributed the lowness of this figure. 

The maximum wear, in this case, was *65 millimetre more than the minimum. In another case, 
after 12 month’s service, the wear at the top of the worst cylinder liner was 3°12 millimetres measured 
athwart ships and 2°05 millimetres seni fore and aft, and the maximum exceeded the minimum wear 
by 2°92 millimetres. An example of measurements taken from two liners is given in the schedule later. 
In this second example, judging from the wear of the piston rings and liners, the lubricant was either 
insufficient in quantity or not of suitable quality. 

As a result of practical experience it may be stated that the greatest wear will take place near the 
end of the piston ring travel in the neighbourhood of the combustion of the fuel charge; that the rate 
of wear will be fairly rapid for a short time and that, under favourable conditions of running, the wear 
will increase slowly thenceforth until the amount is such that the piston rings are unable to keep close 
contact with the cylinder wall, and the engine ceases to function as an efficient air compressor. 

This period may vary from one to six or even ten years, according to circumstances and conditions 
of work. 

Where cylinder liners have air and exhaust ports for scavenging, the divisions between these ports 
need careful examination, as they are sometimes found cracked. The exhaust ports’ divisions are often 
cored for water-cooling, but where salt-water cooling is adopted there is danger of the core hole becoming 
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choked, and the division being overheated. In one case the division bar was missing, and the examina- 
tion of the fractured surfaces showed that the core hole had been omitted in casting the liner. The 
exhaust passages were thoroughly searched for the missing piece without success. 

The seizing of a piston, as might be realised from the conditions of wear of the liner, occurs in the 
least worn part of the cylinder, and in an open-ended cylinder there is a tendency for a crack to form 
from the free end due to such an accident. 

Any ridge formation due to wear in a liner should be removed. 

It is usual if there is any porosity of the metal of a cylinder liner to find it where there is a sudden 
change of section such as a rib on the water side and at the flange fillet. 

The cylinder jacket, or “beam” as it is called in some cases, forms the water passages for cooling the 
liner. The water passages have to be kept clean and this needs regular and frequent attention when sea- 
water is the cooling medium. At surveys it is good practice to draw the liners and thoroughly clean the 
surfaces, and the necessity for this can be appreciated when a liner has to be renewed and is found to be 
seized in the jacket. 

On one occasion three days were spent in releasing a liner. The expressed opinion of several 
experienced engineers is that, when opportunity was afforded, the liners should be drawn in rotation 
periodically for the purpose of cleansing these water passages. The silting up of the passages and the scale 
deposited on the surface of the liner prevent the heat from passing to the water and result in the liner 
becoming overheated, the piston lubricant being carbonised and a considerable increase in the rate of 
wear of both the liner and the piston rings. 

Exhaust passages and silencers should also be thoroughly cleaned at the survey as a serious falling oft 
occurs in the efficiency when any choking of the exhaust line is experienced. 

Corresponding to the wear of the cylinder liner there is the wear of the piston rings and in general 
these rings are made of softer material than the liner to ensure that the cheaper and more easily 
renewable parts shall be subjected to the abrasion. The piston rings must be free in the piston grooves 
and bear uniformly against the liner wall. If the lubricant becomes carbonised by the heat the rings 
tend to become clogged, the air compression in the cylinder is reduced, and there is the added danger 
of the piston seizing. 

Sometimes the end of the piston rings are found broken, but even in the case where a number of 
piston ring ends had fractured there was no apparent scoring of the liner. It should be noted, however, 
that broken piston rings permit the products of combustion to blow between the piston and the liner, 
oppose the lubrication of the liner wall, and cause a reduced air compression in the cylinder. 


PISTONS. " 


Pistons have been modified frequently in design and the cooling arrangements by different makers 
yary considerably. The water passages should be clear of sediment or scale, any accumulation of which 
causes overheating of the piston. A piston was found to be fractured around the top piston ring groove, 
the failure being attributed to the fuel spray striking the outer circumference of the piston. At this part 
the piston wall was thick, and the local expansion of the metal was thought to have caused the fracture. 
The fuel valve atomiser was altered so as to direct the spray into an area intermediate between the centre 
and circumference of the piston, and apparently the fault was thus rectified. The facing to which the 
top of the piston rod was bolted, fractured in another engine. 

Cases in which the pistons have failed in the centre of the crown have not come to the writer’s 
notice but would be due to faulty cooling. 

The piston skirt plays an important part as a guide and for the lubrication of the liner. An 
engineer who had experienced difficulty, owing to defective lubrication, thought that the skirts were too 
close a fit in the liners. He had the piston skirts turned smaller in diameter to give more clearance with 
disastrous results to the gudgeon bearings and guides. 


COVERS. 


The designs of covers have greatly improved, and few accidents occur where ordinary care is taken. 
The division walls of the exhaust valve chamber and the spacing between the outlets on the under side 
are where there is most liability for the covers to crack. In one case an explosion occurred in the fuel 
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valve cage, the fuel having got past the suction valve, which was sticking in the gland, and the cover was 
seriously damaged. In this connection it may be noted that the high pressure blast air and fuel line is 
often furnished with discs which burst with an excess of pressure of this kind and thus protect the covers 
and pipe lines. Where the cover and liner are in one piece as in the Werkspoor engine the inner side 
of the cover can be examined when the piston has been withdrawn and, for this purpose, it is not 
necessary to draw the liner. Access to the water cooling passages of the cover is arranged through hand 
holes in the sides, and these passages have to be kept free from deposit. One method often adopted is to 
remove the dirty cover, fit the spare one in its place, clean thoroughly and have it ready as spare. When 
there is much hard scale dilute hydrochloric acid is poured into the passages which dissolves the scale. 
Subsequently the acid should be thoroughly washed out or excessive corrosion may ensue. The jointing 
of the cover to the cylinder has to be made with care as any uneven spots between the faces may cause 
the flange to crack. If the bolts are drawn too tightly on one side it will be found that the spring of the 
flange will prevent the joint being properly closed when the bolts on the opposite side are tightened. 
During manufacture the surfaces of the covers and liners are carefully scraped so as to give metallic 
contact all over the area. 


VALVES. 


At the Special Surveys all the valves in the covers should be overhauled and the spare gear made 
up to its regular amount. Particular attention should be given to the air valves. The starting air 
valves, which are not continuously operated, are sometimes attacked by moisture and need to be faced 
and their seats ground. Fuel valves, with certain kinds of fuel oil, become pitted ; their faces, seats and 
spindles must be put in order and, if packing is used for the spindles, the renewal of the packing should 
be so effected that the spindle is oil-tight and yet not bound by the packing. 

All linkwork should be tried for the valve gear, cam drives, reversing and governor gear; and any 
slack pins rebushed, bearings closed and the chains of mechanism so adjusted that the original cycle of 
their movements is reproduced. 

The importance of having everything well fitted and tightly fastened is illustrated in the case of an 
engine of which the crown mitre wheel of the vertical shaft of the cam drive became loose, causing the 
key to work loose in the keyway and altering the timing of the valves. 


PISTON RODS. 


In single-acting Diesel engines the piston rods are struts for carrying the compressive load of the 
piston to the gudgeons, and are not subjected to the high temperature of the burning fuel. The 
maximum load on the rod of a 30-inch cylinder may be from 150 to 220 tons. When the engine is new 
and the clearances are fine this is a compression only, but with excessive wear of gudgeon bearings, and 
slackness of piston rings and skirts, a bending stress may develop which was the cause of two accidents 
which might be cited. One piston rod fractured at the flange taking the gudgeon, and another at the 
piston flange. 

In the double-acting Diesel engine the piston rod gland packing has to be carefully watched, and 
the temperature of the rod must be kept low. 

To ensure this the fuel valves are arranged so that the oil spray will not impinge on or burn close to 
the rod, and the cooling water for the piston passes through the rod. Any breakdown of this cooling- 
water system would be detrimental to the piston rod and the piston. As the double-acting piston 
transmits a tensile load to the rod the attaching bolts or studs must be in good order. 

The gudgeons of Diesel engines require close adjustment. The pressure on them may be from 
1,200 to 2,000 Ibs. per square inch according to design and the oil pressure for lubricating them may be 
from 2U0 Ibs. per square inch upwards. It is usual now to make the gudgeons of high tensile steel so 
that the wear may be a minimum. The usual clearances for adjustment of the bearings is about four 
thousandths of an inch. 

The gudgeons, at the time of survey, should be gauged, any flats removed and the bearings brought 
to their original positions, liners being fitted to raise the piston to its full height so as to make the 
compression in the cylinder what it was in original design. 
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GUIDES. 


The guides are usually fitted so as to allow no play athwartship or fore and aft and the oil service 
should be overhauled and the guides aligned truly so as to prevent wear on one side of the cylinder liner. 

On one occasion the guides of an engine were found to be slightly rounded on the surface so that a 
clearance of 2 millimetres was measured when the piston was at the top of its stroke. The wear of the 
white metal at mid length of the slipper was comparatively small, but the abrasion at the top and bottom 
was of about the same amount. The guide clearances should be from 4 to 10 thousandths of an inch 
measured athwartship and fore and aft. 


CONNECTING RODS. 


The bottom end crown brasses get heavy work and their oil grooves have to be freshened up even 
when the metal does not require to be renewed. With the fine clearances necessitated by forced 
lubrication the bedding of the bearings is most important. There is not the flexibility allowed in the 
top and bottom end bearings of the Diesel that is permissible in a steam engine and the alignment of 
these bearings is critical. 


CRANKSHAFTS. 
The crankshafts for Diesel engines are constructed in different ways, of which the principal are :— 
I. The solid forged shaft which admits of a short stroke but is the least flexible. 
II. The shaft in which the crank pin and two webs are a solid forging into which the 
journals are shrunk and dowelled. 
ILI. The all-built shaft where the crank pins and journals are shrunk in the webs and the 
journals are fitted with dowels. 

In one modification of the all-built shaft the pins and journals are welded after being shrunk in 
the webs. 

lt is stated that fatigue cracks are liable to form in the fillets of the bearings near the webs of the 
solid forged shafts. In the case of shafts of large diameters the forging of the pin and two webs in one 
piece necessitates the use of very large ingots and it is difficult to work the metal sufficiently in the forge 
to obtain the high class of forging suitable for a Diesel crankshaft. Cases have been known of built 
shafts working slack particularly where the balance has been disturbed and the torque becomes excessive 
through a cylinder having been put out of action, It is said that the welded shaft overcomes these 
difficulties. It may be found on inspection that there is a slight difference in diameter of the crank pins. 
Their clearances in the bearings are from 4 to 10 thousandths of an inch. Should the difference in a 
vertical and horizontal gauging of the pin be two thousandths or over and the bearings require remetalling, 
it is advisable to lap the crankpins so as to obtain a surface as nearly circular as possible. Where this is 
not done heating of the bearings may cause considerable delay after other repairs have been completed. 

The machining and alignment of crankshafts are very carefully done by the builders and a shaft 
should be gauged at the time of survey to ascertain that it is in good working order. 

In some engines the crankshaft main bearings have wedges beneath each, secured by studs, by means 
of which the shaft may be lifted when the white metal is worn down in the bearings. 

Marks on the journals or pins of crankshafts should be carefully scrutinised. Should oil be exuded 
from these marks when the shaft is lightly tapped with a smooth-faced hammer near the marks, it must 
be assumed that the shaft is defective. W ben there is a tendency for the marks to extend in a 
circumferential direction the marks are considered to be dangerous and the shaft should be repaired at once. 

A loose web is sometimes difficult to determine. The usual means are as follows :— 

The shaft is placed with the suspected web in a horizontal position ; the journal end at the junction 
with the web is thoroughly cleaned and dried; the shaft is then turned through a half revolution so that 
the weight of the crank has come on to the opposite side of the dowel; if oil has exuded from the bore of 
the web or from the dowel pin hole it may be concluded that the shrinkage has failed. 

The dowel is usually made slightly oval and fitted with its greater diameter on the line circumferential 
to the journal so that the fact that a thin feeler could be introduced at the top or bottom of the dowel 
would not justify the inference that the shaft was loose. The clearance allowed for main bearings is 
about ten thousandths of an inch. 

A table is given at the end showing specimen gaugings of a crankshaft. 
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SEATING BOLTS. 


tingine seating bolts should be tested as the swinging of the engines on even a very strongly 
constructed seat, when a vessel is Jabouring in heavy seas, may cause the bolts to slacken, stretch or fracture. 
The riveting of engine seats is sometimes found loose and any such evidence of parts working should be 
followed by close inspection of the whole structure. 


COMPRESSORS. 


Where the air compressor is driven off the same shaft as the main engines it may be expected that 
the conditions applying to the inspection of the main engines will also apply to the compressor. Wear of 
the liners or piston rings reduces the compression of the air which the machine can effect. 

Snould the top end bearings be closed the compressor rod must be lifted by liners, if necessary, to the 
original height. The passages for the cooling water in the compressor and the air and water surfaces of 
the air coolers must be thoroughly cleaned. All valves should be overhauled and their seats made good. 
On test the temperature of the air before each stage of compression should be approximately the same if 
the coolers are working efficiently. The leakage of air between the stages of a compressor is a source of 
considerable loss. It is advisable to ascertain whether the rated pressures of the various stages are being 
maintained as for example L.P. discharge say 50 Ibs. M.P. say 200 Ibs. and H.P. say 1000 Ibs, per square 
inch. These gauge readings give a ready means for determining the efficiency of the machine. The usual 
causes of variation of the gauge readings from those of the original rating are dirt causing the valves to 
stick and excessive wear of the piston rings. ‘The wear down of the bearings will affect all stages in 
proportion so that the adjustment, due to wear-down, can be located, 

The boring out of a stage of the compressor will alter the degree of compression and this should be 
determined and allowance made for it in the adjustment of the clearance space. No ridge should be allowed 
to vemain at the ends of the compressor piston rings’ travel. 


SCAVENGE PUMPS. 


The Scavenge air pumps in two cycle engines generally give little trouble but cleanliness is essential 
and the air inlets should preferably be ina position where there is no danger of oil or water vapour being 
absorbed. 


PISTON COOLING PIPES. 


The telescope pipes for the cooling water to the piston occasionally break down as any mal-alignment 
causes them to score and sometimes to crack. These pipes have been made of various materials and with 
ingenious glands but there seems a tendency in some cases for water hammer to occur. The leakage 
caused by a break in this line, in the case of oil cooled pistons is of less moment than with water cooling 
but the piston may become overheated. 


GENERAL NOTES. 


The general condition from external examination gives the Surveyor his impression of the state of 
any machine, Diesel or other, and as a general rule if everything is clean and in order he has a certain 
amount of confidence that the engine is well attended. 

This cleanliness is vital to the success of the oil engine. Pieces of dirty waste, dust and rust, are the 
enemies against which the engineer has to wage incessant war. Strainers, filters, oil separators, coolers, all 
combine to assist, if kept in order, to deter, if neglected, satisfactory operation. The addition of a 
refinement only adds to the trouble unless it is in working order. Pressure gauges that do not register, 
or that are incorrect are more a source of danger than of safety. On one occasion, having to see an engine 
manceuvred the Surveyor walked around the back of the columns to feel the temperature of the cooling 
water, only to find that water was not passing. On the gauge there was pressure registered, but the 
gauge had broken down. Another occasion was the trial after repairs of a vessel where the bearings had 
been in a bad state and had to be all re-metalled. In spite of the pressure recorded on the lubricating 
nnmn gange there was insufficient oil passing through the bearings. The gauge was defective and on 


investigation it was found that the pump would hardly deliver against a pressure of 5 or 6 Ibs. 
per square inch. 

The presence of broken thermometers and pyrometers indicates that the information which they are 
designed to give is not required or at any rate, not made use of by the staff. 

The presence of water in the lubricating oil has been a fertile source of expense and trouble. 
Sometimes this is almost unavoidable, as a breakdown of the telescope pipes, or an undiscovered leaking 
joint may account for the water but, if there is a separator available and the amount of the leak small, 
the proportion of water passed through the bearings can be reduced to a minute quantity. In the same 
way the filters will deal with the dirt in the oil, if they are kept clean and efficient. 

The cooling coil in the lubricating oil drain tank should be cleaned and tested at the survey. 

The leakage of air is still more troublesome and the cleanliness of blast bottles and their valves is a 
necessity. These bottles are sometimes difficult to clean, and vapour, both of water and oil, is collected in 
them unless regularly blown out. Where the drain becomes choked and the sediment is retained there is 
risk of a large amount collecting before the engineers’ attention is drawn to it. This increases risk of 
water hammer and reduces the air capacity of the bottle. The inner surfaces of air bottles should be 
examined as far as possible with a pencil torch to determine whether there is corrosion on the inner 
surface. 

The removals of connections for overhaul, involving the breaking of joints in pipe lines, should be 
undertaken with care. In replacing such fittings as the internal pipes for cooling exhaust valves the 
danger from a brazed nipple being strained or a coupling being cross-threaded is to be avoided. It should 
be a rule that all lines that have been disconnected should be examined under pressure before the engines 
themselves are operated. 


SUGGESTIONS FOR TESTING. 


In replacing any castings, pipes or even forged steel connections subject to high pressure such as 
those in the air line or fuel oil pressure line a hydraulic test is made on the replacing parts. It is 
advisable not to hammer these while under a high pressure test as, in the event of fracture, the Surveyor 
may be seriously injured. Even when fracture is not apparent, damage is frequently done to castings by 
heavy hammering while under pressure. ’ 

As an illustration, some fuel valve chests were supplied by the makers to a vessel repairing at a 
distant port. These chests were under a pressure of 2000 lbs. per square inch when the Surveyor’s private 
stamp was pub on. Before fitting these on the engine the Superintendent subjected them to the 
hydraulic test again and it was found that each chest was leaking from star cracks which radiated from 
the Surveyor’s stamp mark. Such hammering is preferably done with no hydraulic pressure on the 
casting. The object of test hammering is usually to ensure that the casting has no gas holes or spongy 
places and not to make sure that the casting is full of water. 

Another feature of hydraulic testing is that the pressure should be put on gradually and allowed to 
stand for some time, say from a few minutes for small pieces to fifteen minutes to half an hour for 
cylinder liners, jackets and covers. Frequent raising and lowering of pressure is not good for castings or 
riveted work and the hydraulic pressure is so much in excess of the working pressure that, provided the 
article is tight when the test pressure has been on for what the Surveyor considers to be a reasonable 
period, it may be safely assumed that the tested material will be good at the working pressure. 

It is unwise when a pipe or valve is seen to be leaking under a pressure of 1,000 Ibs. per square 
inch or more either to pass the finger over the jet or to bring the face near for close examination. 

Similarly when examining a casting under a drop test, a respectful distance and a shield should be 
available and it is prudence and not cowardice on the Surveyor’s part to insist on such protection. 

In general the examination of Diesel machinery follows a similar course to that of the steam engine 
with the exception that in view of higher pressures and temperatures being prevalent, smaller clearances 
and finer adjustments are necessary. 

The paper has been prepared with a view to indicate in a practical manner, as briefly as possible, 
the principal features connected with the survey of Diesel machinery. Matters of design and 
arrangement have been ably presented by others. Questions relating to the control and operation of the 
engines do not come directly within the scope of the paper. The writer has to acknowledge the 
assistance of friends and colleagues and will be grateful if his experience is of benefit to others, 


SCHEDULE No. 1. 
Measurements taken from two cylinder liners during a survey :— 
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SCHEDULE No. 2. 


Measurements taken from two crankshafts during survey :— 
No. 1 Shaft. 
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DISCUSSION ON Mr. R. LEE ANNEAR’S PAPER. 


ON 


“SOME NOTES ON THE SURVEY OF DIESEL ENGINES,” 


Mr. J. ANDERSON. 


Mr. Lee Annear’s contribution on the Survey of Diesel Engines, though somewhat brief, lacks 
nothing in interest and will I am sure be much appreciated by the members of the Staff Association. 


My remarks will be devoted mainly to the question of piston friction and its effect on the running 
gear as several of the defects referred to in the paper are apparently caused by abnormal friction. 


Generally speaking, more cylinder liners have been scrapped on account of excessive wear than from 
any other cause, especially so in four stroke engines. This wear results from piston friction aggravated by 
the high pressure gas behind the rings, the presence of dust of an abrasive character, gritty matter in 
the fuel oil and inadequate lubrication. Experiments show that the gas pressure behind the rings is 
considerable and the effect of this on the liner is well illustrated by the figures given in the paper. These 
figures of liner wear if plotted produce a curve approximate to that of the expansion of a Diesel cycle, 
which shows that the wear is roughly proportional to the pressure in the cylinder at any particular instant, 
and is principally due to the high pressure gas acting on the back of the piston rings. During test bed 
trials I have observed overheated liners showing, in some cases, a dull red strip about 5 inches broad 
running practically the whole length of the liner. The friction causing this must have been considerable 
as the circulating system was in order and an ample supply of cooling water was passing through the 
jacket. The passage of the piston over dry or sticky patches on the liner produces this local overheatin 
and the friction resulting therefrom introduces severe eccentric loading on the piston. Piston rods anc 
their flanged attachments to the piston in spite of the substantial nature of their construction in relation 
to normal conditions of loading, frequently bend and fracture and I submit that these failures are due to 
eccentric loading and not to excessive piston clearance, as the author suggests. For the same reason, 
crosshead pins have been known to fracture and here again the strength appeared ample on the basis of 
normal loading. In single acting engines, bottom end bolts are not unknown to break and yet 
investigations will show that in the case of two stroke engines these bolts take no load, while in four stroke 
engines the load due to the inertia of the reciprocating parts and centrifugal force of the bottom half of 
the connecting rod is small in relation to the size of the bolt fitted. Here again, the trouble would appear 
to be due to excessive friction amounting almost to piston seizure. 

The following suggestions are advanced with the object of diminishing piston friction. 

(1) Top or first piston ring should be well below the top of the piston. 

(2) Centrifugal purifiers should be used on the fuel line, as strainers of the orthodox type 
are of little use in arresting the fine gritty matter in the fuel. 

(3) The edges of piston rings should be rounded to encourage the oil to pass between them 
and the liner. 

(4) Careful attention to supply and quality of lubrication. 

The foregoing suggestions will not by any means eliminate liner wear and the principal cause will 
remain so long as the high pressure gas has access to the back of the piston rings. n improvement in 
the wear eee properties of the liner material is a move in the right direction and in this connection 
special cast iron having an ultimate tensile strength of 26 tons per square inch is being used with success. 

ore attention could, with profit, be paid to the question of piston friction as a reduction in this direction 
means fewer liner replacements and higher mechanical efficiencies. 
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Anent the author’s remarks on the danger resulting from the use of defective pressure gauges on the 
cooling water and forced lubrication systems, it may be mentioned that tanks are now being used to which 
the discharge from each cylinder or system is led. A name plate denotes the source of each pipe, 
provision being made for taking the temperature of discharge, while the quantity leaving each pipe can 
be observed through a glass panel. These tanks must be placed in a suitable position and be easily seen 
by the engineer on watch. 

Mr. Lee Annear deserves our thanks for his excellent contribution, 


Mr. L. Youna. 


The survey of the Diesel engine has assumed at the present day a fairly established form, although at 
the same time there are numerous elements of uncertainty to be reckoned with, which can be reduced only 
by experience gained through the construction and maintenance of the engine, and the author seems 
to have based his paper chiefly on this fact. 

In comparison with the steam engine the survey of the Diesel engine is rendered more difficult on 
account of the number of different types of the engine at present in use, such as the two or four stroke 
cycle, single or double acting, and the opposed piston types. Each of these has its own peculiar faults, 
or at least its own particular liability to trouble in certain directions. 

The author has given a number of very interesting points on the survey of Diesel engines in general. 
In the article under the heading of “Construction” he refers to the test bench trial as having the effect 
of cleansing the engine. Close attention to this point cannot be too strongly emphasised. Where the 
engine is placed on board in one piece, or where it is installed at the makers’ works, perhaps very little 
trouble is experienced in this respect, but where the engine has to be dismantled and packed for shipment, 
the thorough cleansing of the engine after installing is a more difficult matter. An instance might be 
quoted of a case where it was impossible to run the engine for more than a few minutes on account of the 
heating of the main bearings due to the continued accumulation of dirt in the lubricating system. 
This was finally overcome by temporarily supplying oil to the main bearings from a special gravity tank. 

While on the subject of construction it is noted that reference is made in the paper to that very 
common trouble, namely, the loosening of the engine seating. It is the practice with some shipbuilders 
to so construct the floors in way of the engine bed that the plate is first of all left slightly projecting above 
the heel of the top connecting angle, and then chipped off flush with the angle, so that the tank top plate 
beds hard down on to the actual plate of the floor. It would be interesting to know to what extent this 
method of construction is prevalent among shipbuilders. 

In the remarks on piston rods reference is made to the crosshead bolts of double-acting engines. It 
would appear that in all types of Diesel engines both the crosshead bolts and also the bottom-end bolts 
require constant examination. There are numerous cases on record of the bottom-end bolts, particularly 
of auxiliary Diesel engines, breaking and it is not always easy to find a satisfactory solution as to the cause 
of this. 

It is gratifying to see that the author pays due regard to the importance of the cleaning and 
examination of air bottles. In the case of starting air receivers usually made of riveted steel plates no 
comment need be made; but with the smaller blast air bottles it is not always an easy matter to 
thoroughly clean them; and unless the inner surfaces are properly clean it is difficult to detect corrosion. 
The testing of these bottles is certainly a useful and necessary measure, but it is also essential to ascertain 
if corrosion is going on. 


Mr. J. R. BevERIDGE. 


With regard to trouble with pistons, Mr. Annear stresses the importance of efficient cooling. One 
cannot but notice how radically piston design has altered in the past fifteen years; the depth of piston 
being altered, and the internal arrangements simplified. The increased distance between the crown of the 
piston and the upper piston rings is, I believe, to protect the lubricated portion of the cylinder at the fuel 
Injection period. Interference with the free working of the piston rings due to distortion of the piston 
crown is also avoided. 

Careful periodic survey and overhaul must be given to all valves, but especially to the fuel valves if 
the piston rings are to be protected from the effects of after burning. 

Tt seems a pity that the old Ramsbottom ring should still be used in pistons, for even with steam 
engines it is an unkindly ring for use with high pressures. 
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The condition of piston and piston rings is largely a measure of the efficiency of the engine, and 
deserves every attention at the survey periods. 

Neglect to do so can only result in loss of compression, bad combustion, escape of gases, and heavy 
lubricating oil consumption. 

The condition of the exhaust passages and exhaust fired boilers—where these are fitted, deserve close 
attention, for a fuel having a high sulphur content must have considerable corrosive properties. Has the 
author met with any cases of interest in this respect ? 

I cordially agree that castings under high hydraulic test pressures should not be hammered while 
subjected to the pressure. 

However, the fault frequently lies with the makers, who wish to demonstrate the soundness of their 
material—often to their ultimate sorrow, when the casting is under service conditions. 

Mr. Annear has written a paper of direct interest and helpfulness, and 1 trust he will again give us 
another on his further experiences. 


Mr. L. R. Horne. 


I expect I am in the company of a good many Surveyors when I say that I have found Mr. Annear’s 
paper full of interest, and also when I say I would like to “ask for more.” 

There are many points on which I would be glad to hear the author’s opinion expressed, but I will 
confine my present remarks to one, 

Previous speakers have discussed excessive piston friction and piston seizure, and we know that 
when such occurs high stresses may be induced in piston rods, top and bottom bolts, and elsewhere. 

If a Surveyor has reason to suspect any parts of damage by overstressing, he will naturally give them 
very close examination. No defects may be visible, and yet he may wish to take further precautions. 

If the material of the part in question is ordinary mild steel, I take it, a recommendation “ to be 
annealed” will meet the case. If, however, the material be special, the Surveyor may be perplexed as to 
whether the treatment which is possible in the yard of the ordinary repair firm will make good the 
internal structure of the material 1 would assure Mr. Annear that on this, as on many other points, his 
advise would be very welcome. 


Tur PRESIDENT. 


We all share the disappointment at not seeing the author here this evening to present the subject to 
us personally. Mr, Annear however, will be gratified to know that the paper has given rise to a very 
valuable discussion and as a result he will have quite a number of questions to answer. 

This paper is very interesting and has much practical value to Surveyors, and the author is to be 
congratulated on encompassing so much useful information within a few pages of the proceedings. 

There is one point to which I would like to refer and that is with reference to engine seatings. ‘Two 
or three gentlemen have spoken already on the matter and I would like to associate myself with what they 
have said. It is of little value having good machinery if the seatings are defective. It is surprising what 
diversity of view is entertained by builders and designers as to what is sufficient to support the machinery. 
This is seen by the variations in design exhibited in the plans which come to hand. 

It is almost impossible to design a seating from first principles, it is probably almost entirely a matter 
of experience, and if the author can give us more details on this important matter, based as it would be 
on long practical association with the work it certainly would be very helpful. 


Mr. J. J. ScHoo. 


I should like to express my appreciation of the paper read by Mr. Lee Annear. The survey of 
Diesel machinery is very difficult and of great importance and therefore I should like to add the 
following to it. 

Arr BorriEes.—No internal drain pipes should be allowed. In cases where the drain valve is fitted 
in the head of the bottle, the drain pipe should be led from the bottom to the bottle head outside 
the bottle. 

Covrers.—The examination of cylinder covers of Diesel engines is, in my opinion, in most cases 
very difficult on account of the complicated designs, though these have now heen greatly improved. 
1 know of a case in which it was found impossible to reverse the engines after they had been running for 
sixteen days. On examination it was found that one starting air valve chamber was completely filled 
with salt so that no air could be admitted to that particular cylinder. The covers had been examined 
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just previous to the voyage and the only way salt could have formed there must have been through a 
leak between the cooling space and the channel to the starting air valve chamber, sea water cooling being 
adopted and the leaking water having evaporated. All parts were thoroughly cleaned but on further 
examination nothing special could be found, and even when the cylinder head was tested by hydraulic 
pressure to 600 lbs. per square inch no sign of leakage could be found. After local heating of the cover 
by means of a blow lamp the channel was found to be cracked all round in the fillet which had a very 
small radius, Alterations have since been made to several covers by fitting a solid drawn steel pipe 
over the top of the cover and altering the valve house accordingly. 

VaLves.—Special attention should be paid to the inlet and outlet valves when they are built up 
I met with two cases in which the top part of the valve acting as a nut had worked back on account 
of the set pins being too short and not reaching the valve spindle. 

Piston Rops.—As regards piston rods the very small cracks in the fillets are very often difficult to 
see, but I very often adopted the method of heating them by means of a blow lamp with the result that some 
of them proved to be defective, although it was impossible to see anything defective in a cold condition. 

Connectiné Rops.—Connecting rods should, in my opinion, be of a very strong design, as a weak 
connecting rod in many cases causes very much trouble (I am always wondering why plans of connecting 
and piston rods have not to be sent up for approval). 

Some years ago I found on examination of a connecting rod in the lathe, that same was bent, and on 
further examination it was found that nine out of twelve rods had the same fault; we had them all 
straightened and the palms dressed up. The same ship came under survey again after six months and it 
was found that all the connecting rods were bent again, new ones of a stronger design were then made and 
fitted, which have given no trouble since. 

Some time ago at one of the Dutch engine works tests were applied to a connecting rod of a 
two stroke single acting Diesel engine (not built to L.R. class) on account of the trouble they were having 
with the crosshead brasses during the mooring trials of the vessel, and it was found that when the rod had 
been placed on the test bed and special gauges had been fitted and full load put on, not only was the rod 
bending but also that the fork opened, causing the crosshead brasses to come out of line and to be only 
partly bearing on the inside. 

CRANKSHAFTS.—The cracks or fractures in solid crankshafts at the fillets and running into the webs, 
as they usually do, are very often hard to see. I had one case when examining a solid crankshaft. 
I was sure that I saw a crack at the fillet, but when I wanted to show it to the owners’ superintendent 
we could not find it, not even with a magnifying glass. We then adopted the same idea as the 
author proposes for built up shafts, viz., we fitted a piece of soft wood between the web of the forward 
crankshaft and the bedplate and put, by means of the turning gear fitted near the thrust, some torsion 
on the shaft, after having put some dry chalk in the fillets of the shaft, and immediately after a slight 
torsion was put on we could see the defect over its full length. 

The practice of putting some torsion on solid crankshafts has been adopted by me for years, not only 
for ordinary steam engines, but also at the time of the Flushing-Queenborough paddle boats. It was very 
handy in these ships as it was possible to have one paddle hand turning gear put ahead, and the other 
side put astern. 


Mr. J. D. Boyue. 


Mr. Lee Annear mentions dilute hydrochloric acid as useful for dissolving the scale in cylinder cover 
jackets. I understand that ‘* Atlas” condenser fluid is as effective for this purpose and is safer to use. 

Owing to the number of failures that have occurred in Diesel engine seats of an earlier build, much 
more attention is now being given to the design and construction of these parts. Perhaps the author will 
agree with me that the engine seating of a Diesel-driven ship demands a higher quality of workmanship 
than any other part of the ship’s structure. This, it appears, is best obtained by the substitution of a 
considerable amount of drilling-in-place for the wholesale punching of rivet holes in plates and bars which 
was formerly adopted. 

Air compressor high pressure cylinders have been a source of trouble in many ships. In one case the 
original cast iron liner was not satisfactory. It was replaced by a case-hardened steel forging supplied by 
a ball-bearing manufacturing firm. This liner ran successfully for two years and was then replaced 
by another from the same manufacturers, which became all scored and torn up within three months. Cast 
iron has now been reverted to—a different mixture from that originally supplied—and, I understand, is 
giving good results. 
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I agree with the author in his short note on scavenge pumps when he cites the position of air inlets 
as being important. I came across one ship where the air supply in calm weather was insufficient, with 
the result that the engine slowed down. By the fitting of a wind sail to an engine room skylight directly 
above the inlet to the scavenge pumps the speed of the engines was increased by four revolutions per 
minute. 

In connection with piston cooling pipes the author states that a break occuring where oil is the 
cooling medium is of less moment than where water is employed. I presume he is not referring to 
recent design of 4-stroke cycle engines, in which, when water is used as the piston cooling medium 
telescopic pipes and their stuffing boxes are fitted outside the crank chamber. A break occurring at these 
parts will then entail no more damage than would be the case with oil cooling. 

I wish to thank Mr. Lee Annear for his instructive and interesting paper. He is somewhat more 
optimistic in his definitions of the Diesel engine than one of the junior engineers of a double-acting 
Diesel-engined vessel, who described their propelling unit as “a thing of beauty and a job for ever.” 


Mr. G. J. THomas. 


I have read Mr. Lee Annear’s paper with much interest, as the subject chosen is one upon which so 
little information has hitherto been available. 

The overhauling of Diesel machinery has, I think, in many cases, been somewhat overdone by those 
in charge and of their own accord. Certainly systematic overhauling is essential but I have seen blast 
air compressors completely opened up after less than six months service. This would appear to be 
unreasonable unless justified by faulty running and, in my experience, certainly does not improve the 
efficiency of the compressor. 

With reference to the author’s remarks on the fracture of engine pistons, I have seen pistons fail 
in the centre of the crown in both cooled pistons of main engines and uncooled pistons of some auxiliary 
engines. In the case of the former, it was undoubtedly due to faulty cooling. The auxiliary engine 
pistons, in one case at least were, I felt sure. fractured by the excessive use of light oil when started up 
in cold weather, and the consequent temperature changes. Priming is more often resorted to than is 
necessary and I have known the oil injected through the indicator cocks instead of flooding the 
fuel pumps. 

The maximum wear of cylinder liners occurring in the first six months of the life of a Diesel engine, 
the life of the liner cannot be judged fairly on, say, the first 12 months running. Cylinder liners with a 
wear of 250/1000 (this, of course. only occurring for a short distance at the combustion end of the stroke) 
have run quite successfully with sufficient attention given to the gastight rings. Liner wear may differ 
so greatly even with similar engines that the life is exceedingly diflicult to estimate. 

With reference to the author’s remarks on broken thermometers and pyrometers, I have usually found 
engineers pay considerable attention to the latter, and an experienced engineer can judge the temperature 
of circulating water by hand with sufficient accuracy. 


Mr. L. C. Davis. 


I wish to thank Mr. Lee Annear for his interesting paper. 

The author refers to the practice of clearing scale from the water passages in cylinder covers with 
hydrochloric acid; in this connection it might be mentioned that nitric acid, whilst readily removing scale 
deposited by the circulating water and rendering soluble the iron which has been oxidised as rust, acts 
very slowly on iron in its metallic form. A swill out afterwards with a solution of caustic soda will 
neutralise any remaining trace of acid. 

Bolts securing piston rods to the pistons in single-acting engines should be carefully examined. There 
is a disposition to under-estimate the duty of these bolts in single-acting engines and to make them small, 
with the result that they often fail from fatigue. Owing to the length of Diesel engine pistons and the 
rigidity of the piston rods, any want of alignment, which may be caused by temperature variation, stresses 
these bolts beyond their designed limits, and in the case of four-cycle engines they have to overcome the 
inertia of the pistons at the commencement of the air charging stroke. Crankshaft cracks are more likely 
to be found as one approaches the flywheel. The flywheel tends to produce an even turning motion of the 
tunnel shafting, but at the expense of the crankshaft. In this connection, other considerations aside, it is 
open to controversy as to whether the forward end of the crankshaft would not be the better position for 
the flywheel. 
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Fig. 1 shows a solid forged crankshaft taken from a four-cylinder single-acting two-cycle oil engine. 
The shaft fractured through the forward web of No. 4 crank, i.e., the one nearest the flywheel. The 
pesase showed no indication of faulty material, but was of the appearance associated with failure from 
atigue. 

It is open to much question whether welding can improve a properly shrunk shaft. In the writer’s 
opinion it is an expedient that is resorted to when a well founded lack of confidence exists in regard to 
the efficiency of the shrinkage. Moreover a case has occurred in which a crankshaft so welded has failed. 


Mr. W. Kimper. 


Mr. R. Lee Annear’s paper entitled ‘“ Some Notes on the Survey of Diesel Engines” is welcomed by 
myself as a valuable addition to the transactions of Lloyd’s Register Staff Association, and after having 
marked its contents, I find a few of the statements as they stand, none too easy to digest, some due to 
their brevity, and others on account of what appears to me a debatable diagnosis of the ills to which Diesel 
engines are heirs. 

Under the heading ‘“ Cylinders,’ Mr. Annear attributes the small amount of wear of the cylinder 
liners of the “ Vulcanas” to the following causes—doubtlessly in the order of their significance ; (1) the 


good mixture of cast iron; (2) the careful attention to lubrication; (3) the care exercised in the 
distribution of power to each cylinder. 


Whilst being in complete agreement with cause (1) except for the fact that it would have been more 
to the point had it read “the swifable mixture of cast iron,’ I cannot reconcile this statement with the 
one that follows wherein Mr. Annear assigns the cause of another vessel’s liners wearing in the rapid 
manner stated, wholly to the effects of defective lubrication. 


In connection with the latter case, I would like to ask whether the material of the liners was proved 
to be suitable and also what kind of fuel was used ? 


Actual experience has led me to believe that unsuitable metal and perhaps low grades of fuel are by 
far and away the chief causes of excessive liner wear, whereas defective lubrication, whilst detrimental in 
some measure, has not the far-reaching effects Diesel engine makers and others would have us believe. 
In support of the foregoing I propose to cite one instance of a vessel after twelve months service where 
seven liners out of eight of the port main engine showed signs of excessive wear, whilst all those of the 
starboard main engine and the remaining one of the port engine were normal. The same lubricant and 
care was afforded all cylinders. Fortunately, an engineer formerly in the employ of the makers had taken 
service with the ship in question and volunteered the information that two batches of castings from 
different foundries made up our stock in trade. 


Next, I would like to quote from the experience of one of the oldest and consequently most 
experienced British Motorship Owners who are running one vessel today eleven years old whose liners are 
those originally supplied when the vessel was new, whilst vessels of a much later build have had to have 
their liners renewed. Similar lubricants have been used in the case of all vessels, whilst the personal 
element has been changed from time to time. 


Lastly, if unsuitable lubricating oil is capable of causing wear to the extent the author states, one is 
led to wonder why more liners of the ordinary trunk type of engines are not more prone to the trouble 
since it isa matter of common knowledge that this type of engine—especially when running at high 
revolutions—suffers from over lubrication of the cylinders due to oil splashing on to the pistons and liners 
from the crankcase. The lubricating of the cylinders is therefore more or less out of the control of the 
man in charge, and again, oil which is considered correct for cylinder lubrication is seldom if ever used 
for main bearings or general crankcase use. 


Mr. Annear mentions a case of a stubborn liner in a cylinder jacket. The addition of two large 
metal-faced hard wood wedges fitted under the lower projecting lip of the liner, upon opposite sides of the 
engine and operated by dollies, has been found very successful in many instances within my experience. 
The usual drawing bolts and strongbacks supply a steady pull and the wedge arrangement transmits a 
useful jar in the right direction. 

With regard to the notes on “ Pistons,” since it sometimes falls to the lot of the outport Surveyor 
abroad to attend to their renewal at works not well versed in this kind of work, a note upon the 
all-important point of piston sizes in relation to the bore of liners would have been valuable. As the 
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result of experiments carried out some years ago upon the trial and error principle, the firm with which I 
was then connected decided upon the following figures as being safe and reasonably correct : 12 inches 
diameter , 45th clearance, above 12 inches diameter y'5y th per 1 inch in cylinder diameter. The sizes 
to be taken with the metal at normal temperature. 

Particularly interesting, if brief, is the account of the explosion in the fuel valve cage, but it would 
be interesting to know which suction valve stuck in its gland. The only suction valve in the line 
appears to be the fuel pump suction valve which is seldom fitted with a gland and during each stroke of 
the pump is held off it’s seat hy mechanical means for part of the plunger’s travel, it therefore follows it 
could only stick in one position when the pump would be ineffective. 

A parallel case is brought to my mind which happened whilst starting an engine, and in which the 
valve and casing were so badly damaged that their condition prior to the accident could only be assumed ; 
the cause of the accident, in my opinion, however, was due to the fact that the lift of the fuel valve 
in question had not been sufficiently reduced, resulting in pre-ignition, since with a slow-moving engine 
unless previously corrected, the fuel valve opens too early and for too long a period as compared with 
the same engine at full revolutions and power. Also the blast bottles are usually charged to their full 
pressure before starting as a guard against shortage of high-pressure air when manceuvring. ‘The practice 
is to wire-draw the blast air at the manceuvring head to suit the speed of the engine, and unless carried 
out by a practised hand, air at too high a pressure forces the oil into the cylinder immediately the fuel 
valve commences to lift instead of over a measurable period. Both faults cause abnormal maximum 
pressures in the cylinders as witness the number of times the cylinder relief valves function when 
manoeuvring, whilst at sea they remain idle. 

With a view to ascertaining what pressures actually obtained in the cylinders where the lifting 
of a relief valve or two was more or less regarded as a sign that the engine was about to start work, 
and the “pops” a sign of its joy, I caused indicator diagrams to be taken, and was successful in 
getting one from a cylinder as the relief valve lifted. The pressure was found to be beyond the limit 
of the indicator, which was fitted with the strongest spring on board. 

Under the heading of “ Crankshafts,” Mr. Annear refers to fatigue cracks, and presumably blames 
the forgings. 

I venture to state that providing the following methods of testing crankshafts for alignment were 
adopted periodically there would be a considerable reduction in the number of fatigue cracks, slack 
webs and broken shafts. 

Ensure that all journals are down in their respective brasses by inserting a piece of mill board 
between the shaft and top brass, and screwing down all keeps. Gauge each crank between its webs 
with the crank in four positions, starting from top centre with 90° intervals. The extra fee the 
Surveyor will consider he is entitled to charge after doing this will, I guarantee, frequently justify 
itself, 

Mr. Annear mentions a scheme whereby built crankshafts are welded after the shrinking process, 
and refers to it as an improvement. Being acquainted with the method I must say that I fail to see 
what benefit the welding can have. If the shrink is a bad one then the welding will not hold. If the 
shrink is a good one the welding is unnecessary. 

Under the heading of “ Valves,” it is stated that with certain kinds of fuel oil the fuel valves 
become pitted. This is an undoubted fact, but personal experience went to show me that “ deeper pits ” 
await the man who is unfortunate enough to get sea water mixed with his fuel oil, even though he 
manages to separate the water from the oil before use. 

During one voyage I had constant trouble with all fuel valves, and finally traced the trouble to 
leaky seams in the forward double bottom fuel oil tanks. The leaks were discovered and made good in 
dry dock at Yokohama, the fuel valves were all built up in way of their seats at Shanghai by electric 
welding, and subsequently re-heating the welded part and hand-hammering. 

Although by careful manipulation of the settling tanks we were able to prevent the bulk of the water 
in the fuel being fed to the engines, in my opinion, some of the salt in solution was transferred from the 
water to the oil, since it attacked not only the fuel valves proper but those of the fuel pump too, the latter 
to a lesser degree. 

In conclusion I should like to thank Mr. Lee Annear for his very excellent paper, which, I feel sure 
is going to call forth that sure proof of every good paper, a bumper discussion. 
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REPLY BY THE AUTHOR. 


In carrying out his duties a Surveyor has to be able to fulfil two requirements. The first is to 
examine, with a view to ascertain for the information of the Committee, that the Society’s regulations 
are complied with. The second is to determine the cause and extent of defects and to recommend such 
remedies as will, when applied, enable the Committee to continue the classification. 

The paper was not written with a view to describing specific cases of damage and the repairs, but the 
principal features connected with the survey of Diesel machinery as they have been noticed by the author. 

It is not suggested that the causes assigned to the failures mentioned in the prper were the only 
causes, or that similar features might not be attributable to very different causes, 

Mr. Anderson and Mr, Kimber will understand that the cases of cylinder wear quoted were, for a 
number of reasons not given in the paper, quite fairly attributable to unsatisfactory lubrication. 

Mr. Anderson considers that the piston rod flanges broke owing to eccentric loading, which may very 
well be the true cause, 

Mr. Schoo raises the question of the designs of piston rods and connecting rods which have been 
found too weak to bear the actual loads experienced. 

3 Questions of design were purposely not within the scope of the paper. Mr. Davis rightly draws 

attention to the need for care in examining the bolts. All the steel used for bolts on the parts subjected 
to high pressure should be tested, and any replace bolts fitted by firms who undertake the repairs of Diesel 
engines should be of tested steel. 

Messrs. Young, Boyle and Dr. Laws draw attention to the importance of the engine seating. 

Workmanship of high class is necessary, and the fitting of floors so as to make contact with the top 
plates and the ship’s bottom plates with all drilled holes and close fitted connections at all points seems 
highly desirable. At the same time it seems not to be good practice to so closely space intercostals and 
brackets that the internal parts are difficult of access for examination and repairs. Heavier scantlings in 
preference to closer spaced connections appear to be requisite. 

In reply to Mr. Beveridge’s query about the sulphur content causing corrosion in exhaust passages 
and waste heat boilers, the author has had no experience of such an occurrence. In cases examined where 
exhaust passages were badly choked the deposit appeared to be a hard cake and to have been subjected 
to such a high temperature that all the volatile matter had been removed. 

As to heat treatment for special steel] Mr. Horne will probably agree that if a repair yard has not 
suitable plant or experience for dealing with such metal it would be safer not to treat the metal rather 
than to ruin it by ignorant mal-treatment. 

Cases have been known of piston rods which have been faired and annealed after bending, being 
found bent when removed from the annealing furnace. On the other hand the tug boats working in ice 
on the St. Lawrence river frequently bend their screw shafts. These are jacked fair either cold or in a 
slightly heated condition many times before fatigue cracks develop. 

Mr. Thomas states that cylinder liners may be worn }" in diameter at the combustion end of the 
stroke and still work satisfactorily when sufficient attention is given to the gas tight rings. The ridges 
formed at the end of stroke must in these cases be removed. 

The photograph contributed by Mr. Davies emphasises the danger of fatigue in solid built crank 
shafts, and Mr. Schoo’s remarks about the difficulty in finding the cracks before the fracture parts, 
draws attention to the necessity for close inspection of these shafts at the survey. 

Mr. Kimber suggests that a frequent gauging of the crank shafts would mitigate the danger of 
fatigue, but the question arises whether malalignment even of the crank shaft may be attributed to the 
vessel straining in heavy weather. 

Mr. Kimber and Mr. Davis doubt the advisability of welded crankshafts. 

In the paper this was not termed an “ improvement” but a “ modification.” 

The Society’s rules require that dowels be fitted in the journals of crankshafts. As the dowels have 
to extend from one-half to two-thirds of the thickness of the web and possibly relieve the shrinkage gri 
of the web to that extent it is claimed that the welding which only extends from one-tenth to one-eight 
of the thickness of the web, permits the friction grip to be maintained over a greater area. There is no 
question of substituting the welding for properly shrunk webs. 

The figure usually fixed for determining piston clearance is about y;'55 of an inch per inch diameter 
of the liner for single acting, and about 1 thousandths of an inch for double acting pistons. 

The author wishes to thank the gentlemen who took part in the discussion for the useful remarks 
derived from their personal experience. 


des aly 


LLOYD'S REGISTER STAPF ASSOCIATION, 


ANNUAL MEETING. 


The Annual Business Meeting of the Staff Association was 
held in the Board Room of the London Office, 
on Wednesday, 27th April, 1927. 


The Secretary read the Minutes of last Annual Meeting, and these were duly adopted. 


Reviewing the work of the session just completed, the President said :— 


“To-night marks another period in the short history of this Association. During the past 
session we have been able to discuss in the course of seven papers a variety of subjects, important 
in themselves, and to the Society. The papers have been fairly equitably divided between theory 
and practice, shipbuilding and engineering, and the special lecture delivered by Professor Lea 
opened up new aspects of a subject which of late years has attracted the attention of investigators 
aiming at professional development. 


At that lecture we were fayoured with the presence of the Deputy Chairman, Sir George 
Higgins, who gave a kindly welcome to the Lecturer and added to the value of the Meeting. 
We, as an Association, were glad to have him with us on that occasion as the subject discussed 
was one of great technical importance. 


The lecture, together with the discussion which followed, cannot but enhance the value of the 
proceedings and redound to the benefit of the Society. 


I would like to take this opportunity of again expressing the thanks of the Association to the 
Committee of Lloyd’s Register for their interest in our work, and for the encouragement and 
financial support which they extend to us. 


To your own Committee, and to your Secretary, you owe much for the progress of the work 
of the Association. Their duties have been undertaken with willingness, with an eye to the 
success of these Meetings, and improvement of the Association. They are anxious that all 
Members of the Staff, distributed as they are throughout the World, may feel that they have a 
personal interest in the proceedings. Members resident abroad are not so well placed as those 
stationed at home, who are able occasionally by their presence to give added weight to their views 
by personally taking part in the deliberations at these Meetings. But all can communicate 
something of value arising out of their experience, if not in the form of a paper, then by discussion, 
by correspondence if necessary. 


With this Meeting my tenure of Office as President comes to an end. 


I have to thank you all for the very kind support which you have given me during the last 
two years. So far as | have been able I have endeavoured to carry out the duties of Office, smal! 
as they may be, and to make these Meetings a success; the work has been a real pleasure and | 
have felt it an honour to be asked to preside. 


I hope, and believe, we have done some good work and that we have maintained the standard 
attained in previous years. 

We live in times of change. In no direction is development more emphatic than in the 
world of shipbuilding and engineering, and in order to keep abreast of things individually, and to 
enable us to do our part in the maintenance of the tradition of this great Society, no better 
opportunity can be afforded than that presented by these Meetings, where we are able to exchange 
views and discuss the salient matters affecting our work. 


There is much we can do, many questions which we can study, material to the interests of 
maritime development. Year by year new ideas are launched relating to construction and design, 
and I doubt not that we, as Members of the Staff, are the better able to express our views officially 
by discussing the various aspects of such problems in all their technical bearing. 

I feel sure that in the future the lively interest which has been so well exhibited in the past 
will be continued, and in doing so you will give to the new President that real support which is 
necessary to carry on the work of the Association with success.” 


The meeting then proceeded with the election of Office-bearers for the new session, and on 
the motion of Mr. C. N, Hunter, seconded by Mr. G. R. Edgar, Mr. A. A. A. Chalmers, was 
unanimously elected President. 


The further appointments were made as follows :— 
Hon, Secretary - - - - = Mr. W, THomson. 
ComMITTFE, LONDON : 
Messrs. S. F, Dorey, G. R, Edgar, J. S. Gardiner, W. D. Heck, 
T. S. Leathard, M. M, Parker and L. H. Young. 


A very hearty vote of thanks was accorded to the retiring President on the motion of 
Mr. W. Watt, who referred in appreciative terms to the services rendered to the Association by 
Dr. Laws during his term of office. 
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